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ABSTRACT
Minh N Nguyen, Ph.D.
University of Nebraska, 2018
Supervisors: Shinobu Watanabe-Galloway, Ph.D.; Jennie L. Hill, Ph.D.
Attention-deficit/hyperactivity disorder (ADHD) is a neurodevelopmental disorder with onset
usually occurring in childhood and adolescence. During these developmental stages, social
interactions and external environments can have significant impact on children’s growth and
development. Few studies previously used a theoretical model to examine the effects of social
and external environments on ADHD. The goal of this dissertation is to apply an ecological
perspective to examine the roles of school and community in the development of childhood
ADHD through school engagement and physical activity. Three studies were implemented to
carry out this goal. Study 1 examined the associations of neighborhood, school, and family
characteristics with school engagement. Study 2 assessed the associations between school
engagement and ADHD. Finally, study 3 examined the relationship between neighborhood
factors and physical activity in children with and without ADHD. We used data on 65,680
children aged 6 to 17 years from the 2011-2012 National Survey of Children’s Health (NSCH).
Results indicated that pediatric ADHD diagnosis and symptoms can be influenced by family,
school, and community characteristics. Findings from studies 1 and 2 demonstrated that school
engagement, family factors (socioeconomic status (SES) and adverse childhood experiences
(ACE)), and community characteristics (safety and amenities) are associated with ADHD
diagnosis either directly or indirectly. Meanwhile, study 3 results showed that environmental
characteristics (safety, social support, and access to physical activity resources) are related to
physical activity only in children without ADHD. Further research is needed to understand the
levels and factors associated with physical activity in children with ADHD. Overall, our results
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suggested that school and community factors should be examined as potential protective
pathways against ADHD in children.
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CHAPTER 1. INTRODUCTION
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The ecological models of health propose that social and physical environments along
with individual behavior influence health across the life span. For children and adolescents,
healthy development and long-term health outcomes are influenced by environmental exposures.
During these early life stages, health and behavioral outcomes including attentiondeficit/hyperactivity disorder (ADHD), school engagement, and physical activity are influenced
by the environments in which children live, play, and learn. Research into the contribution of
family, school, and community on children’s health is imperative for a comprehensive
understanding of how the environments interact with individual characteristics and behaviors to
promote or deter positive health outcomes. Furthermore, interventions targeted at processes in the
external environments can have both health and non-health impact for not only the individual
child but also populations at large.
Attention-Deficit/Hyperactivity Disorder
Mental health disorders are prevalent among children and young people in the United
States (US). According to the National Comorbidity Study-Adolescent Supplement (NCS-A),
almost half (49.5%) of 13 to 18-year old children currently have or have had any mental health
disorders in their lifetime (Merikangas et al., 2010). The Great Smoky Mountains Study
prospectively studied a broader age range (9 to 21) and reported that the cumulative prevalence of
any well-specified psychiatric disorder was 61.1% (Copeland, Shanahan, Costello, & Angold,
2011). In addition to being prevalent, the burden of mental health disorders often affects quality
of life that can be seen in years of disability. In 2016, mental health disorders and substance use
combined was the second leading cause of years lived with disability (YLD) for persons less than
20 year-old in high income countries, above chronic respiratory diseases, unintentional injuries,
or cardiovascular diseases (Institute for Health Metrics and Evaluation (IHME), 2017). One of the
most common childhood mental disorders is ADHD (CDC, 2017a). The increasing trends in
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prevalence, early age at onset, comorbidity, and health and financial burdens of ADHD indicate
its seriousness as a public health problem.
Prevalence and Trends of ADHD in Children and Adolescents
Worldwide, the pooled prevalence of ADHD for children aged 18 and younger is 5.3%
(Polanczyk, De Lima, Horta, Biederman, & Rohde, 2007). In the US, the prevalence in children
aged 4 to 17 years according to the 2011-2013 National Health Interview Survey (NHIS) is 9.5%
(Pastor, Reuben, Duran, & Hawkins, 2015). The prevalence of ADHD is higher for adolescents
aged 12 to 17 years (11.8%) than children aged 6 to 11 years (9.5%), in boys (13.3%) than girls
(5.6%), and in non-Hispanic whites (11.5%) than non-Hispanic blacks (8.9%) or Hispanics
(6.3%) (Pastor et al., 2015). The higher prevalence in boys has been attributed to gender
differences in manifestation of symptoms with boys exhibiting more aggressive behavior than
girls and therefore, more likely to be assessed for ADHD (Barkley, 2006e).
There has been an overall increase in hyperactive problems over the past decades in the
US. In the US, data from the 1997-2008 NHIS showed that the prevalence of parent-reported
diagnoses of ADHD increased 33% between 1997-1999 interval and 2006-2008 interval for
children aged 3 to 17 years (Boyle et al., 2011). Data from the National Survey of Children’s
Health (NSCH) also showed an increase from 7.8% of children aged 4-17 years with an ADHD
diagnosis in 2003 to 11.0% in 2011 (Visser et al., 2014). The increase in trends has been
attributed to the advances in screening and diagnosis of ADHD over the past decades (Boyle et
al., 2011). In addition, temporal changes to the traditional family units, lifestyles, and society
have also been studied as drivers of the increased prevalence of ADHD (Collishaw, Maughan,
Goodman, & Pickles, 2004). For example, an increase in family factors (e.g. divorce and singleparent or step families) that have been associated with adolescent problems may have contributed
to the increase in ADHD prevalence.
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Definition of ADHD
ADHD is a neurodevelopmental disorder with onset usually occurring during childhood
and adolescence. The Diagnostic and Statistical Manual of Mental Disorders-Fifth edition (DSM5) defined ADHD as “a persistent pattern of inattention and/or hyperactivity-impulsivity that
interferes with functioning or development” (American Psychiatric Association, 2013). In
children, symptoms of inattention can manifest as difficulty with paying attention to details,
focusing on tasks, or organizing activities. Children often appear easily distracted and forgetful.
Symptoms of hyperactivity include motor activity that is excessive and inappropriate for the
situation, for example constant fidgeting in the classroom. Impulsivity can present as difficulty
awaiting turn or interrupting others (American Psychiatric Association, 2013).
Diagnostic Criteria
Diagnosis of ADHD in children requires the presence of six or more inattention and/or
hyperactivity-impulsivity symptoms occurring for at least six months and in at least two
contextual settings (i.e., at home, at school) (American Psychiatric Association, 2013). The
manifestation of several inattentive or hyperactive-impulsive symptoms must occur before age 12
years. Symptoms must not be the result of oppositional defiant disorder (ODD) or the inability to
comprehend instructions. Health care providers including pediatricians, psychiatrists, and
psychologists make the official diagnosis using standard guidelines; however, confirmation of
symptoms requires consulting with caregivers and teachers who have seen the child in different
contexts. Ways in which the child interacts in several contexts are necessary for diagnosis
because symptoms may vary based on the context within a setting. Signs of the disorder may
become more evident when the child enters a structured setting, such as a classroom, whereas
they may less visible when the child is engaged in a stimulating activity (Barkley, 2006e).
Clinical presentation can be classified as combined (ADHD-C), where both inattention
and hyperactivity/impulsivity symptoms are present; predominantly inattentive (ADHD-I), where
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only inattention symptoms are present; or predominantly hyperactive-impulsive (ADHD-H),
where only hyperactivity-impulsivity symptoms are present (American Psychiatric Association,
2013). Severity of symptoms can be mild, moderate, or severe. When few symptoms in excess of
the number required for diagnosis and minor impairments occur, the case is considered mild.
When several symptoms in excess of those required for diagnosis and major impairments occur,
the case is considered severe. Symptom variations in between mild and severe are considered
moderate (American Psychiatric Association, 2013).
Course of Development
About half of the adolescents diagnosed with ADHD or conduct problems had their onset
by age 11, earlier than those with major depressive disorder (MDD), bipolar disorder (BPD) and
substance use disorders (Barbaresi, Katusic, Colligan, Weaver, & Jacobsen, 2007; Merikangas et
al., 2010). However, symptoms of ADHD can also present as early as preschool age. A review of
epidemiologic studies of preschool ADHD using primarily community and pediatric clinic
samples was conducted (Egger, Kondo, & Angold, 2006). The reviewed studies used either a
checklist or diagnostic measure to assess ADHD for children aged 2 to 6 years. Sample sizes
ranged from 100 to 531. Among studies that used checklist measures, the overall prevalence of
preschool ADHD ranged from 6.0% to 18.3%. The prevalence was lower in studies that used
diagnostic measures with a range between 2.0% and 7.9%. Among preschoolers, the hyperactiveimpulsive type and combined type were more prevalent than the inattentive type.
Although early detection and intervention are important for the treatment of any disease,
there are concerns associated with the diagnosis of ADHD in preschoolers. One challenge is
accurately differentiating symptoms of ADHD from behaviors of typical development. Thus,
there is a need to develop tools and measures appropriate for diagnosing ADHD in very young
children. Another concern is the lack of research into the long-term effects of pharmacologic
treatment of ADHD among preschoolers (Davis & Williams, 2011). Further research and
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improvements of diagnosis and treatment of preschool ADHD are still needed to determine the
benefits of diagnosing ADHD in preschoolers. Essential to understanding if screening and
diagnosis in preschool is worthwhile, is to determine if ADHD symptoms identified in very
young children persist as the child develops.
A longitudinal study followed a group of children aged 4 to 6 years with ADHD at wave
1 and their matched controls for three years (Lahey et al., 2004). Assessment of ADHD
symptoms and impairment was completed with parent ratings, teacher reports, and structured
interviews. Results showed that children who met full diagnostic criteria of ADHD at wave 1
were more likely to meet full diagnostic criteria at least twice during waves 2 to 4 than the
comparison group (odds ratio (OR) = 119.7, 95% confidence interval (CI) = 39.4-363.4). This
suggested that ADHD identified symptoms during preschool appear to persist through elementary
school (Lahey et al., 2004).
The distribution of subtypes during elementary school years, however, varies from that
during preschool years with inattention symptoms being more common. A study of 4,323
children enrolled in kindergarten through fifth grade in a Tennessee county found that 8.8% of the
sample exhibited ADHD-I, 4.7% ADHD-C, and 2.6% ADHD-H (Wolraich, Hannah,
Baumgaertel, & Feurer, 1998). These US-based results are supported by international studies. A
study of 3,497 elementary school students aged 7 to 12 years in Shantou, China found that
ADHD-I was the most prevalent subtype (67.4%) among students diagnosed with ADHD
followed by ADHD-C (24.6%) (Huang et al., 2017). Another study done in Jeddah, Kingdom of
Saudi Arabia, showed that most prevalent subtype was again ADHD-I (6.3%) followed by
ADHD-C (3.1%) in a sample of 2,770 elementary students aged 6 to 12 (Homidi, Obaidat, &
Hamaidi, 2013).
Elementary school diagnosis and symptoms of ADHD persist into adolescence even with
treatment. A study from the US conducted a 4-year follow-up assessment of a group of non-
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Hispanic white boys aged 6 to 17 years with and without ADHD (Biederman et al., 1996). Of the
children with ADHD, 85% met full or partial diagnostic criteria for ADHD and 15% experienced
remission at follow-up. This study found that intensity of treatment (counseling, medication, or
combined) was not associated with persistence or remission at follow-up. These results were
reaffirmed with a more recent study from the UK that conducted a follow-up with a group of
school-aged children (n = 126) diagnosed with ADHD (Langley et al., 2010). The majority of
children were prescribed (93%) and currently taking (66%) stimulant medication. At the 5-year
follow-up, 69.8% of participants still met the DSM-5 diagnostic criteria for ADHD. ADHD
symptoms remained even among those who did not meet the full diagnostic criteria at follow-up.
During adolescence, symptoms of motor hyperactivity become less visible making
diagnosis challenging, especially for individuals with predominantly inattentive presentation
(American Psychiatric Association, 2013). Although outward behaviors become less disruptive,
impairments in other domains, for example academic and social, become more obvious.
Adolescents are faced with more academic demands such as having more classes, different
teachers, and increased homework during middle and high schools. They are also expected to
become autonomous and independent from parents. In addition, social impairments become more
obvious as peer relationships begin to have more significance (Wolraich et al., 2005).
Comorbidities
Children with ADHD often present with co-occurring conditions across all age groups. In
a sample of clinically referred children diagnosed with ADHD, 74% of preschool children and
79% of school-aged children also had at least another psychiatric disorder (Wilens et al., 2002).
On average, this sample had 1.4 additional psychiatric disorders. Some comorbidities are more
common in children with ADHD. A meta-analysis of 546 studies of ADHD in children,
adolescents, and adults showed that over half (51.8%) of individuals with ADHD-combined
presentation reported comorbid ODD and a fifth (21.6%) reported comorbid conduct disorder

8
(CD) (Willcutt et al., 2012). Other mental health comorbidities for individuals with ADHD
included anxiety disorders (11.3%) and MDD (9.8%). Comorbidity with CD or MDD predicts
persistence from childhood until adulthood (Caye et al., 2016).
Although ADHD is highly comorbid with conduct problems, they are still distinct
disorders with different risk factors and outcomes. Several explanations for the high comorbidity
between ODD/CD and ADHD are offered in the literature. One possibility is that ADHD serves
as a precursor or risk factor for ODD/CD (Barkley, 2006b). A study done in rural Washington
followed a cohort of children in kindergarten through fifth grade for two years and assessed their
behaviors annually using teacher’s ratings. Structural equation models showed that hyperactiveimpulsive symptoms at baseline significantly predicted ODD at times 2 and 3 (standardized
partial regression coefficients were .18 and .12, respectively). Hyperactivity-impulsivity at time 2
continued to predict ODD at time 3 (standardized partial regression coefficient was .22) (Burns
& Walsh, 2002). In contrast, ODD did not predict future hyperactivity-impulsivity or inattention
symptoms lending support to the hypothesis that ADHD is a precursor or risk factor for
ODD/CD.
Another explanation is that ADHD + ODD/CD represents a unique and generally more
severe subtype of ADHD. Data from the National Institute of Mental Health (NIMH) Multimodal
Treatment Study of Children with ADHD (MTA) were used to examine symptoms of ADHD and
comorbidities (Newcorn et al., 2001). The sample included 498 children between the ages of 7 to
9 years diagnosed with ADHD. Measures included parents’ and teachers’ report of ADHD
symptoms and children’s continuous performance tests (CPT). CPTs measure impulsivity,
inattention, and dyscontrol in children. The study found that parents and teachers reported
children with ADHD + ODD/CD as being more impulsive than children with ADHD only. CPT
errors were elevated in children with ADHD compared to controls regardless of comorbidity.
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In addition to symptom severity, children with ADHD + ODD/CD also exhibit worse
outcomes than children with ADHD alone or without ADHD. A longitudinal cohort of
hyperactive children (n = 158) and matched community controls (n = 81) aged 4 to 12 years were
followed for an average of 13.8 years (Barkley, Fischer, Smallish, & Fletcher, 2004). At final
assessment, participants were aged 19 to 25 years. Drug use at adult follow-up was examined for
hyperactive group with (H + CD) and without CD (H only) and controls. Pairwise comparisons
showed that H + CD group reported more drug use than the other two groups. For example, the
average number of times in the past 3 months that the H + CD group used drugs was 25 compared
to 3 times for the H only group and 5.5 times for the controls (Barkley et al., 2004).
In summary, ADHD is a chronic mental health disorder with an earlier age of onset than
most mental health disorders. Symptoms can present as early as preschool age and continue into
elementary school years and adolescence. Clinical presentation, however, varies through
development with hyperactivity/impulsivity symptoms being more prevalent among preschoolers.
Among school-aged children, inattentive symptoms are more common. Although symptoms
become less visible during adolescent years, impairments persist as teens are met with increased
academic challenges and social relationships. Comorbidities with other psychiatric disorders,
predominantly with ODD/CD, present across all groups and predict persistence of disorder. The
chronicity and persistence of ADHD are alarming as children with ADHD generally experience
impairments across multiple domains.
Impairments Associated With ADHD
In addition to the functional impairment resulting from the symptoms of ADHD (e.g.
inattention, hyperactivity, and/or impulsivity), children with ADHD can also experience
impairments across other domains including cognitive, developmental, academic, and medical.
Children with ADHD often exhibit a lower level of cognitive ability than those without the
condition. In a meta-analysis of 137 studies that reported intelligence test scores for participants
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with and without ADHD, researchers found that those with ADHD were more likely to score
lower on overall cognitive ability as measured by the Full Scale Intelligence Quotient (FSIQ)
(Frazier, Demaree, & Youngstrom, 2004). The weighted mean effect size for FSIQ was 0.61 with
a significant z test score of 27.72 meaning that across the reviewed studies, those with ADHD
generally display lower intelligence compared to controls. This meta-analysis also examined
several measures of neuropsychological functions including speech development. The weighted
mean effect size for the letter fluency test, which measures expressive-language, was 0.46 (p <
0.01) (Frazier et al., 2004). This indicated that individuals with ADHD were more likely to
experience speech impairment, such as in verbal expression, compared to those without ADHD.
Another area in which children with ADHD experience difficulty is academic
performance. Children with ADHD demonstrate poorer academic outcomes compared to their
peers without ADHD. A retrospective cohort study included children with ADHD (n = 370) and
controls (n = 740) matched by gender and age (Barbaresi et al., 2007). Data were drawn from
school record for each participant from birth until 18 years of age. Results indicated that,
compared to controls, children with ADHD had lower median reading score on standardized
achievement test at age 12.8 years (45 compared to 73, p < 0.001). In addition, they were also
more likely to be retained a grade (hazard ratio (HR) = 3.0) and drop out of high school (HR =
2.7) than their peers without ADHD (Barbaresi et al., 2007).
In regard to health-related sequelae, children and youths with ADHD are at higher risk
for injury compared to their peers. An analysis using the 1997-2002 NHIS examined medically
attended nonfatal injuries among school-aged children (6 to 17 years) (Pastor & Reuben, 2006).
Results showed that the rate of injury among children with ADHD was higher than that among
children without ADHD, 204 and 115 episodes per 1,000 children, respectively. This finding is
verified by a cohort study. A retrospective cohort study of 2,479 adolescents and young adults
with ADHD and 15,865 controls examined acquisition of driver’s license and first involvement as
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a driver in a police-reported crash (Curry et al., 2017). Using Cox regression models, results
indicated that the probability of obtaining a driver’s license 6 months after eligibility was lower
among individuals with ADHD for both males (adjusted HR = 0.65) and females (adjusted HR =
0.64). Among those who are licensed, individuals with ADHD had an increased risk of crashing
(adjusted HR = 1.36) than those without ADHD. These findings supported that the risk of injury
is higher among children and youths with ADHD.
Burdens of Disease
ADHD among children and adolescents in the US is costly. The annual total cost
(includes direct and indirect costs) for children with ADHD was $949.24 per person or $3.92
billion nationally based on the 2011 Medical Expenditure Panel Survey (MEPS) (Gupte-Singh,
Singh, & Lawson, 2017). Children with ADHD were also 4.90 times more likely to report health
expenditure as compared to those without ADHD. On top of high health costs, ADHD can also
result in disability across the lifespan. Globally, the disability-adjusted life years (DALY) of
ADHD peak around ages 10 to 14 years and, although in a decline, continue until ages 40 to 44
(Erskine et al., 2014).
Children with ADHD not only experience challenges due to their symptoms but also
impairments associated with ADHD. The literature documents lower cognitive function, speech
impairment, and poor academic performance among the few domains that can be challenging for
individuals with ADHD. In addition, the risk of injury to health and the cost of treatment provide
strong incentives to not only prevent but also alleviate the symptoms of ADHD in pediatric
populations.
Treatment of ADHD
Treatment of children and adolescents with ADHD vary based on age. For children under
6 years, behavior therapy is recommended as the first line of treatment by the American Academy
of Pediatrics (AAP) (American Academy of Pediatrics, 2011). This includes parent and teacher-
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administered behavior therapy. Medication may be prescribed if behavior therapy shows no
improvement. For elementary school-aged children (6 to 11 years), concurrent behavior and
medication therapies are the preferred treatment modality. In extension to parent and teacher
delivered behavior therapy, school programs should also be included in treatment plan. For
adolescents, medication and behavior therapies are recommended.
Stimulants including methylphenidate and amphetamines are the most commonly used
medications to treat ADHD symptoms. Stimulants work by increasing the levels of dopamine and
norepinephrine in the brain lending support to the hypothesis that ADHD is associated with
neurotransmitter (e.g. dopamine and norepinephrine) deficiencies (Barkley, 2006c). The use of
stimulants has increased greatly over the last two decades for children and adolescents. A study
using data from a health maintenance organization (HMO) and Medicaid data from a midAtlantic state and a Midwestern state reported the trends in psychotropic use for youths under 20
years of age between 1987 and 1996 (Zito et al., 2003). Results showed that the prevalence of
stimulant use exhibited between 2.7 to 7.0 times increase during the study period. In 1987, the
prevalence of stimulants was highest among 5- to 9-year-olds. By 1996, the prevalence was
highest among 10- to 14-year-olds. In addition, 15- to 19-year-olds exhibited a dramatic increase
in the utilization of stimulants (Zito et al., 2003).
Historically, school-aged children were most often prescribed stimulants for treatment
because clinicians believed that ADHD symptoms abate after puberty and that adolescents do not
respond as well to stimulants (Connor, 2006). However, recent research shows that this is not
accurate. A review of seven controlled trials of stimulants for ADHD symptoms in adolescents
concluded that 60% to 75% of adolescents responded positively to stimulants, a proportion
similar to studies in school-aged children (Barkley, 2006a). This could potentially explain the
increased prescription of stimulants among adolescents.
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It is clear that stimulants are helpful to manage ADHD symptoms among children and
adolescents, however, stimulants should not be the exclusive treatment option (American
Academy of Pediatrics, 2011). Among school-aged children treated with stimulants, about 75%
responded positively to the treatment, yet 25% of children did not benefit from the stimulant
treatment (Connor, 2006). Alternative non-pharmacologic treatments such as psychosocial
therapy and novel approaches can target this population. In addition, combined treatments can
help reduce the need or dosage of medication as well as help with symptoms during periods when
medications have worn off (Connor, 2006).
Behavioral intervention is the most researched non-pharmacological treatment for
ADHD. Behavioral treatments can be directed at the affected child as well as their parents,
teachers, and peers to help them interact with the child. Different modules and programs exist and
can be applied in either home or school settings. The effectiveness of behavior therapy has been
examined in a meta-analysis of 174 studies looking at behavior therapy alone as a treatment for
ADHD in children under 18 years of age (Fabiano et al., 2009). Results were categorized by
study designs as follows: between group (n = 20), pre-post (n = 30), within-subject (n = 23), and
single-subject (n = 101). The unweighted effect sizes were 0.83 for between group designs, 0.70
for pre-post designs, 2.64 for within-subject designs, and 3.78 for single-subject designs. The
magnitude of effect sizes is not comparable across study designs, but a positive effect size
indicates an improvement in symptoms. Results varied by study designs but was consistent in
demonstrating the effectiveness of behavior therapy in reducing ADHD symptoms (Fabiano et al.,
2009).
In addition to using stimulant or behavior therapy alone, the effectiveness of combined
therapy has also been examined. The MTA study was a multisite clinical trial of 579 children
with ADHD being treated with either routine community care (control), medication management,
intensive behavioral treatment, or combined treatment (Jensen et al., 2001). Behavioral treatment
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was directed at the children, their parents, and teachers. Results demonstrated that combined
treatment and medication management were more effective in reducing ADHD symptoms than
community care and behavioral treatment. In addition, when they examined functioning outcomes
other than ADHD symptoms such as social skills, parent-child relationships, and academics,
combined treatment proved more effective than single treatments (Jensen et al., 2001).
There are limitations to the current treatment plan for ADHD in pediatric populations. In
regard to pharmacologic treatment, medication compliance, side effects, and long-term
physiologic impact are some major concerns. All medications have side effects and it is no
different with stimulants. The most frequent short-term side effects from these drugs include loss
of appetite, irritability, insomnia, and headache (Connor, 2006). The number of side effects
corresponds to the dosage (Barkley, McMurray, Edelbrock, & Robbins, 1990). More severe but
rare side effects include tics, psychosis, and sudden death. In addition, many immediate release
stimulants have a short half-life leading to what is known as the “rebound” phenomenon.
Symptoms of ADHD can reoccur with full severity in later parts of the day following a morning
administration. Supplemental medication or substitution with a longer-acting stimulant might be
necessary in such cases.
Side effects and subsequent management of such effects and the “rebound” syndrome can
pose challenges to patients and their families in adhering to their medication regimen.
Adolescents, for instance, are less likely to take their medications due to the side effects and
acceptance of treatment as effective. A mixed-methods study in the US asked adolescents with
ADHD, parents, teachers, and health professionals about their acceptance and perception of side
effects for five different treatments of ADHD (two pharmacological and three psychosocial)
(Bussing et al., 2012). Of 569 participants, adolescents were significantly less willing to use any
treatment compared to all other groups (Kruskal-Wallis analyses for all five treatments have
associated p < 0.0001). Participants reported that they would be less likely to use treatments if
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they perceived likely side effects (beta estimates of -0.11 for pharmacological intervention and 0.15 for psychosocial intervention willingness) (Bussing et al., 2012).
Non-pharmacological treatment such as behavioral therapy may not have “side effects”
but can also pose challenges to patients and their families. The issues of cost and time are most
prominent. Behavioral therapy delivered to parents or families as a whole often requires multiple
sessions and spans months if not longer (Anastopoulos, Rhoads, & Farley, 2006). They are
delivered by mental health specialists, who may not be as readily accessible and can result in
higher medical costs. Side effects to medications and challenges of behavior therapy pose a
challenge for researchers to explore newer approaches to supplement the current standard of
treatment for ADHD.
Other non-pharmacologic but rather controversial treatments for ADHD include diet,
massage, natural green space, and various forms of physical activity. In the 1970s, diet
modification was popularized by claims that food additives and sugar intake, for example, were
responsible for hyperactive symptoms in children (Feingold, 1975; Prinz, Roberts, & Hantman,
1980). The “Feingold diet”, free of additives, became very popular among parent groups as an
alternative treatment for ADHD. However, meta-analysis and review studies demonstrated that
evidence to support the efficacy of an additive-free diet is not sufficient (Anast, 1975; Kavale &
Forness, 1983; Rojas & Chan, 2005). Similarly, the effect of sugar on behavior was also refuted
by a meta-analysis of 23 separate studies (Wolraich, Wilson, & White, 1995).
There are very few clinical trials that have examined massage and ADHD (Field,
Quintino, Hernandez-Reif, & Koslovsky, 1998; Khilnani, Field, Hernandez-Reif, & Schanberg,
2003). All are limited by small sample sizes. In the most recent clinical trial of massage and
ADHD, 30 students aged 7 to 18 years diagnosed with ADHD were randomly assigned to a
massage therapy group or a control group (Khilnani et al., 2003). The massage therapy group
received two massage sessions per week over the course of a month while the control group did
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not receive any massage. Pre-post analyses showed that the massage therapy group reported
feeling happier and better after sessions and showed reductions in ADHD symptoms over the
course of treatment period. More studies with larger sample sizes are required to increase the
evidence for massage therapy as an effective treatment for ADHD.
Another novel approach to treating ADHD is the use of natural green space in alleviating
symptoms. In one study, parents of 452 children aged 5 to 18 years with ADHD were recruited
via advertisements and asked to complete a survey about children’s afterschool and weekend
activities and ADHD symptoms (Kuo & Faber Taylor, 2004). Green outdoor activities are set in
“mostly natural area – a park, a farm, or just a green backyard or neighborhood space” while built
outdoor activities are set in “mostly human-made-parking lots, downtown areas, or just a
neighborhood space that doesn’t have much greenery”. Results showed that green outdoor
activities, in comparison to built outdoor activities and indoor activities, significantly reduced
symptoms (p-values for both analyses < 0.0001) (Kuo & Faber Taylor, 2004).
Similar to massage therapy, more research is required to determine accurately the benefit
of being in a natural green space for children with ADHD. But being in a natural space often
includes participating in some forms of physical activity, which in comparison to the alternative
therapies mentioned previously provides a more promising approach to the treatment of ADHD in
pediatric populations. Its efficacy has been demonstrated in small experimental studies in humans
(Medina et al., 2010; Pontifex, Saliba, Raine, Picchietti, & Hillman, 2013; Smith et al., 2013).
The literature on physical activity and ADHD will be discussed in further details in a later section
looking specifically at the benefits of physical activity for children with ADHD.
In summary, stimulants continue to be most effective in controlling the symptoms of
ADHD across all age groups when traditionally they were deemed as most beneficial for schoolaged children. As a result, clinicians are prescribing stimulants to older children at an increasing
rate over the last decades. Each type of treatment has its own benefits and risks that should be
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considered to personally fit the child and his or her family to increase adherence. More nonpharmacological treatments are emerging to supplement stimulant therapy as evidence supports a
multimodal approach to the treatment of ADHD. However, further research is required in
examining the benefits and efficacy of these alternative therapies.
Etiology
Genetic. There are several proposed mechanisms for ADHD with evidence to support
genetic, neurological, and environmental causes across the lifespan beginning with family
genetics. ADHD is a hereditable condition. Genetic studies focused on a handful of potential
genes, including genes for dopamine D4 (DRD4) and D5 (DRD5) receptors, dopamine
transporter (DAT), dopamine beta-hydroxylase (DBH), synaptosomal-associated protein 25
(SNAP-25), serotonin transporter (5-HTT) and serotonin receptor (HTR1B) (Faraone et al.,
2005).
Case control studies of families, adoptive families and twins explore the odds of ADHD
being an inherited trait. Family studies of children with ADHD and normal controls showed that
immediate relatives of children with ADHD demonstrate higher risk for ADHD compared to
those of normal controls. One study compared first-degree biological relatives of 140 children
with ADHD and those of 120 normal controls (Biederman et al., 1992). Diagnosis of ADHD was
assessed using DSM-III-R criteria (American Psychiatric Association, 1987) and blind raters.
Results showed that 16% of first-degree relatives of ADHD children also had ADHD compared
to 3% of those of normal control.
Adoption studies showed that adoptive relatives of ADHD children are less likely to have
ADHD compared to biological relatives (Cantwell, 1975; Morrison & Stewart, 1973; Sprich,
Biederman, Crawford, Mundy, & Faraone, 2000). One adoption study compared first-degree
adoptive relatives of 25 children aged 5 to 18 years diagnosed with ADHD with first-degree
biological relatives of 101 children diagnosed with ADHD and 50 controls (Sprich et al., 2000).
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Diagnosis of ADHD was assessed using DSM-III-R criteria (American Psychiatric Association,
1987) and blind review by a group of board certified psychiatrists. Results indicated that 18% of
biological parents of ADHD children also had ADHD compared to 6% of adoptive parents of
ADHD children and 3% of parents of non-adopted controls. Biological siblings of ADHD
children also showed higher rate of ADHD (31%) compared to adoptive siblings of ADHD
children (8%) and siblings of non-adopted controls (6%) (Sprich et al., 2000).
Twin studies showed that the concordance of ADHD symptoms is higher among
monozygotic (MZ) twins, who share all of their genes, as compared to dizygotic (DZ) twins, who
share about 50% of their genes as any siblings would. One such study compared 99 MZ twin
pairs and 82 same-sex DZ twin pairs (Edelbrock, Rende, Plomin, & Thompson, 1995). Parental
ratings on behavioral problem scales indicated that the correlation of attention problems was .68
in MZ twins and .29 in DZ twins. A larger study of 1,938 families with twins and siblings
between the ages of 4 and 12 years used DSM-III-R criteria (American Psychiatric Association,
1987) and showed that the correlation in MZ twins was higher than that in DZ twins, .88 and .49,
respectively (Levy, Hay, McStephen, Wood, & Waldman, 1997).
In essence, studies of families, adoptive families, and twins point to a hereditary factor to
ADHD. Biological family members of children with ADHD have a higher risk of having ADHD
compared to non-biological family members of children with and without ADHD. In addition,
identical twins that share all of their genes are more likely to exhibit ADHD concurrently than
fraternal twins who share parts of their genes. Genetic influences can shape the susceptibility and
of ADHD in children before their conception and birth. In children without any genetic
susceptibility, neurological changes, prenatal exposure, birth trauma, and postnatal exposure to
environmental and psychosocial factors continue across the lifespan to play in the development of
ADHD.
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Neurological. Early attempts to explain ADHD centered on brain damage as the cause
due to the similarity between symptoms of hyperactive children and those who suffered from
brain damages. Between 1920 and 1950, research emerged linking brain damages from trauma,
infection, or epilepsy to ADHD symptoms (Barkley, 2006d). Recent research from large
population-based cohort studies continues to lend support to this mechanism. In a prospective
cohort of Danish children followed from birth to age 22 years (n = 906,379), diagnoses of
epilepsy, febrile seizure, and ADHD were extracted from national registries in Denmark
(Bertelsen, Larsen, Petersen, Christensen, & Dalsgaard, 2016). Results showed that the incidence
rate ratios (IRR) for ADHD among children with epilepsy (IRR = 2.72), febrile seizures (IRR =
1.28), or both (IRR = 3.22) were significantly higher compared to those of children without
epilepsy, febrile seizures, or either. Another study using a Taiwanese population-based cohort (n
= 52,080) followed children aged 12 years or younger with and without newly diagnosed
traumatic brain injury (TBI) for nine years (Yang et al., 2016). Results showed a positive effect
between mild (HR = 1.30) and severe TBI (HR = 1.37) in diagnoses of ADHD during the 9-year
follow-up.
Another widely accepted theory for the etiology of ADHD focuses on structural or
functional changes to regions of the brain. Studies examining impairments to the brain employed
several tests including electroencephalogram (EEG), event-related potential or evoked response
potential (ERP), single-photon emission computed tomography (SPECT), magnetic resonance
imaging (MRI), and neuropsychological tests.
In a review of studies using either qualitative or quantitative EEG to examine differences
in electrical activity between children with and without ADHD, some common EEG correlates to
ADHD were found (Barry, Clarke, & Johnstone, 2003). Increase in theta power, or slow wave
activity, and decrease in alpha and beta activities were associated with in ADHD. Abnormal
theta/alpha and theta/beta ratios have also been shown as reliable indicators of ADHD. ERP

20
studies examine electrical activity in the brain in response to visual, auditory, or somatosensory
stimulation. A review of studies examining ERPs and ADHD showed that differences in ERPs
have been noted in preparatory responses, auditory and visual attention systems, and the frontal
inhibition system (Barry, Johnstone, & Clarke, 2003).
Cerebral blood flow studies using SPECT in children with ADHD and normal controls
have shown decreased perfusion to both frontal lobes (Lou, Henriksen, & Bruhn, 1984), striatum
(Lou, Henriksen, Bruhn, Børner, & Nielsen, 1989), and more recently the posterior brain regions
and cerebellum (Gustafsson, Thernlund, Ryding, Rosén, & Cederblad, 2000; B. N. Kim, Lee,
Shin, Cho, & Lee, 2002). MRI studies frequently showed smaller cerebellar volume, corpus
callosum, and caudate nucleus for ADHD subjects (Valera, Faraone, Murray, & Seidman, 2007).
In addition, executive function deficits on neuropsychological tests indicated that ADHD is result
of changes to the structures controlling these executive functions including frontal lobes, basal
ganglia and cerebellum (Barkley, 2006c).
Summary of neurological and genetic studies concluded that biological factors play a
dominant role in the development of ADHD. To that effect, a pooled analysis of 20 twin studies
demonstrated that the mean heritability of ADHD is approximately 76% (Faraone et al., 2005).
Although genetics play an important role in ADHD, this suggests that the environment
contributes to almost a third of the variance. Twin studies allow for the estimation of the effects
of the shared environment, or characteristics that are shared across children in the family, and the
non-shared environment, or factors that affect only one twin. There is evidence showing that the
shared environment explains about 0 to 13% of variance in ADHD while the non-shared
environment explains 9 to 20%, suggesting that environmental experiences unique to the
individuals may better explain the differences in ADHD (Barkley, 2006c). Therefore, examining
the non-shared environment and experiences may provide more meaningful findings about the
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susceptibility of ADHD. In addition, from a prevention point of view, studying the environmental
contributions is necessary to identify areas that can be targeted for interventions.
Environmental. Interest into the environmental causes of ADHD emerged in the 1970s
beginning with popularized claims that food additives and sugar were responsible for hyperactive
symptoms in children (Feingold, 1975; Prinz et al., 1980). The associated additive-free diet and
sugar restriction diet became very popular with parent groups. However, results from review and
meta-analyses refuted the efficacy of these foods on behavior modification in children (Rojas &
Chan, 2005). Since then research into the environmental etiology has extended to other exposure
during the prenatal, natal, and postnatal periods of life.
Toxins. There is evidence for a relationship between prenatal exposure to tobacco smoke
and ADHD. A study done in the US using data from the 1999-2002 National Health and Nutrition
Examination Survey (NHANES) examined prenatal tobacco exposure and ADHD in 4,704
children aged 4 to 15 years (Braun, Kahn, Froehlich, Auinger, & Lanphear, 2006). Children who
were exposed to prenatal tobacco smoke had 2.5 times higher odds of being diagnosed with
ADHD compared to children without exposure. A more recent study examined ADHD symptoms
in children aged 6 to 11 years using cross-sectional data drawn from mothers (n = 4,517) and
teachers (n = 4,611) in six European countries (Kovess et al., 2015). Results found that maternal
smoking during pregnancy was significantly associated (OR = 1.44) with ADHD symptoms in
children.
The relationship between prenatal alcohol exposure and ADHD in children is less
reliable. A review of nine studies on alcohol exposure during pregnancy found a positive
association in only four studies (Linnet et al., 2003). Among those four studies, one used a casecontrol design to compare ADHD cases (n = 280) with controls (n = 242) and found that ADHD
cases had more than double the odds (OR = 2.5) of being exposed to alcohol during pregnancy
compared to controls (Mick, Biederman, Faraone, Sayer, & Kleinman, 2002).
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Exposure to lead has shown a small but consistent association with ADHD. A metaanalysis reviewed 33 studies worldwide that have examined lead exposure and ADHD in children
and adolescents (Goodlad, Marcus, & Fulton, 2013). Results showed that there is a small to
medium association between lead exposure and inattention symptoms (r = .16) and
hyperactivity/impulsivity symptoms (r = .13).
Pregnancy and Birth Complications. Low birth weight (LBW) has been associated
with ADHD. A study of 252 ADHD cases and 231 controls found that children born with LBW
had three times the risk for ADHD compared to children born with normal birth weight after
adjusting for prenatal exposure to cigarettes and alcohol, parental ADHD, and socioeconomic
status (SES) (Mick, Biederman, Prince, Fischer, & Faraone, 2002). The study also estimated that
the proportion of ADHD cases in the US population attributable to LBW ranged from 13.8 to
32%. Other studies suggested that small gestational age (SGA) was associated with ADHD
(Strang-Karlsson et al., 2008; Wagner, Schmidt, Lemery-Chalfant, Leavitt, & Goldsmith, 2009).
In addition, a meta-analysis of 10 studies that examined hypoxic-ischemic insults at birth and
ADHD found that cases with preeclampsia and an Apgar score < 7 at 5 minutes had 31%, breech
or transverse presentations had 14%, and a prolapsed or nuchal cord had 10% higher odds of
ADHD compared to their respective controls (Zhu et al., 2016).
Psychosocial Factors. Adverse home environments also seem to contribute to the
development of ADHD. Childhood adverse experiences (ACE) include physical abuse, sexual
abuse, psychological abuse, exposure to domestic violence, living with someone who was
substance abuser, mentally ill, or was incarnated. Researchers used data from the Fragile Families
and Child Wellbeing Study (FFCW), a longitudinal birth cohort of 4,898 children born in large
US cities between 1998 and 2000, to examine the effect of selected ACEs before age 6 and
ADHD diagnosis at age 9 (Hunt, Slack, & Berger, 2017). Results showed that the odds of ADHD
for children with 2 ACEs (OR = 1.62), 3 ACEs (OR = 1.66), and +4 ACEs (OR = 2.30) were
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significantly higher than those with no ACE. This result was consistent with those produced by
cross-sectional studies (Brown et al., 2017; Fuller-Thomson & Lewis, 2015).
Other familial characteristics including parent-child interaction, parental marital discord,
and family SES have also been associated with ADHD. A study of 402 adoptive and 204
biological families examined the relationships between familial risk factors and offspring
disruptive behavior disorders (DBD), which include ADHD, CD, and ODD (Bornovalova et al.,
2014). Results showed that increases in mother-child conflict (beta estimate of 0.21), father-child
conflict (beta estimate of 0.12), and maternal favoring physical punishment (beta estimate of
0.14) are linked to increase in child ADHD symptoms. The results were similar between
biological and adoptive children suggesting that environmental effects play a direct role in
influencing child DBD symptoms. Furthermore, family SES has also shown associations with
ADHD such that in a case-control study of 5,701 US children, those with higher maternal
education (OR = 0.57) and higher parental education (OR = 0.58) had decreased odds for ADHD
(St. Sauver et al., 2004).
Exposure to television has also been associated with childhood ADHD. A study using
National Longitudinal Survey of Youth (NLSY) examined hours of television exposure at ages 1
(n = 1,278) and 3 (n = 1,345) and attention problems at age 7 (Christakis, Zimmerman,
DiGiuseppe, & McCarty, 2004). Results showed a small but significant positive association
between hours of television viewed per day at ages 1 (OR = 1.09) and 3 (OR = 1.09) and attention
problems at age 7 after adjusting for potential confounders. Another study found similar results
for exposure to television and video games in children and adolescents/early adults (Swing,
Gentile, Anderson, & Walsh, 2010).
In summary of non-biological mechanisms of ADHD, research showed evidence for
prenatal exposure to harmful toxins and substances as being associated with the development of
ADHD in children. Following pregnancy, birth complications such that LBW, SGA, and ischemic
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insults can also to lead to increased risks for ADHD. Furthermore, adverse home environments
and exposure to electronic media have been associated to ADHD in children and adolescents.
When taken together, the literature suggests that susceptibility to ADHD spans across the life
course from conception to early childhood years. During these times, factors external to the
individual can influence the development of ADHD and provide opportunities for prevention.
Ecological Model of Child Development and Mental Health
During childhood and adolescence, external environments and social interactions can
play important roles in children’s development in addition to their biological traits. This
ecological perspective of examining behavior and environmental determinants of health has its
origins in human development and psychology (Richard, Gauvin, & Raine, 2011). One of the
early ecological models was authored by the developmental psychologist Urie Bronfenbrenner
and called the ecological systems theory. This theory emphasizes the complex interaction of
social factors from multiple environments and their contribution to the healthy development of
children (Bronfenbrenner, 1979). He depicted the environment as systems with the most proximal
being the microsystems, or environments in which the developing child has direct contact (i.e.,
family and school) and include relationships with parents, peers, and teachers. The mesosystems
refer the interaction between the microsystems. The exosystems are the indirect environments
that contribute to the child’s development. For example, a parent’s place of employment is a
context the child seldom visits but the social interactions that occur there can have rippling effect
from the parent to child. The macrosystems are the broader cultural context that includes a
person’s culture, ethnicity, race, and socioeconomic status. Finally, the chronosystems refer to the
events that influence the individual child and include historical events as well as life events
unique to the individual (i.e., divorce, death, etc.).
Over the next several decades, researchers in various fields including public health
developed different versions of the ecological models. One particular model developed by Goran
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Dahlgren and Margaret Whitehead (Dahlgreen & Whitehead, 1991) was adapted to the field of
public health by the Institute of Medicine (IOM) (Institute of Medicine (US) Committee on
Assuring the Health of the Public in the 21st Century, 2003) and used in the development of the
framework for Healthy People 2020 (US Department of Health and Human Services, 2018). The
model developed by Dahlgren and Whitehead (1991) depicted the layers of influences with the
individual’s genetic predispositions at the core surrounded by individual lifestyle factors; social
and community networks; and general socioeconomic, cultural and environmental conditions as
the outermost layer. The IOM added to this model the broad social environment and policies and
incorporated the life-span approach (see Figure 1). This model was used as the framework for the
development of Healthy People 2020 goals and objectives.
In 2010, Jonathan Fielding applied the ecological model as a framework for public health
in the US (Fielding, Teutsch, & Breslow, 2010). The model adapted by the IOM and used by
Healthy People 2020 and Fielding emphasizes the interaction between individuals and the social
and external environments around them. At the core of the model is the biological traits (i.e., age,
sex, and race) and individual behavior. The next layer is a social, family, and community network
that can include peer groups, parental support, and teachers. Another layer highlights the factors
of the living and working conditions, such as education, income, and livability of homes. The
outermost layer of the model is the broad cultural, economic, and physical environments and
policies. These can include discrimination, famine, or air pollution. As a whole, this more
contemporary ecological model aims to target interventions to the broader context as opposed to
the medical model of health, which traditionally has been targeting interventions to the
individual. Fielding supported the idea that targeting interventions at these distal levels can have
broad health and non-health impact for the population.

26

Figure 1. Ecologic Model of Health (Adapted from (Institute of Medicine (US) Committee on Assuring the Health of
the Public in the 21st Century, 2003))
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Borrowing from the ecological models discussed above, the proposed research of this
dissertation presents an ecological perspective that allows for the examination of social and
external influences on development. These models applied to children and mental health
emphasize the intertwining roles of family, peers, school, community, and society in influencing
children’s behavior and health outcome. As discussed in the genetic section above, heritability
helps explain a large part of the individual differences regarding ADHD. However, part of the
variance can also be attributed to environmental factors, especially the non-shared environment
that is unique to the individuals. Therefore, the ecological model can help guide the exploration
of environment factors in predicting ADHD.
An ecological model of children and mental health necessitates the inclusion of schools.
These academic institutions have an important role in shaping children’s experiences and
development. Children and adolescents spend the majority of their time in school. Data from the
1997 Child Development Supplement (CDS) showed that children under 13 years of age spend
approximately 32 to 33 hours a week in school, including travel time (Hofferth & Sandberg,
2001). Sleeping was the only other activity that exceeded time spent in school for this group.
School is where children and teens learn and model from teachers, mentors, and peers. It is also
where students are encouraged and recognized for performing well academically and socially. As
children transition into adolescence, they may look more to connections outside of the home and
familial units (Wolraich et al., 2005). Therefore, attachment or connection to schools can play an
important role in influencing academic and health outcomes.
School Engagement
School engagement is a multidimensional construct measuring the degree to which
students feel invested and motivated in their school life (Appleton, Christenson, & Furlong,
2008). The constructs of engagement can vary depending on which model is being used, but the
most widely accepted model was developed by Fredricks, Blumenfield, and Paris in 2004 (J.
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Fredricks, Blumenfeld, & Paris, 2004). This model included three constructs: behavioral,
emotional, and cognitive engagement.
Behavioral engagement is the active participation in learning and school-related activities
as well as adherence to rules and classroom norms. Positive conduct (e.g. completing homework
and complying with school rules) and negative behaviors (e.g. absences and tardiness) are a few
indicators of behavioral engagement. Emotional engagement is the students’ affective reactions to
the classroom, teachers, and school. It can also be defined as a sense of identification with the
school. In this way, emotional engagement is very similar to school connectedness, a concept that
measures the degree to which students feel that they are an important part of the school
community (Resnick et al., 1997). Emotional engagement is often measured using a self-report
scale. Finally, cognitive engagement refers to a psychological investment or motivation in
learning. Cognitively engaged students go beyond the requirement to grasp the skills they learned
in school. This construct is difficult to measure compared to the previous two because it is not
readily visible. Self-report measurements as well as classroom observations are some ways that
have been used to gauge cognitive engagement.
Feeling engaged in school is an important factor influencing students’ academic and
health outcomes. Engaged students are more likely to report higher grades and less likely to drop
out of school compared to disengaged students. In a longitudinal study of 710 American high
school students, behavioral engagement at grade 10 predicted grade point average (GPA) at grade
12 (β = 0.19) and emotional engagement at grade 10 predicted GPA at grade 11 (β = 0.08)
(Chase, Hilliard, Geldhof, Warren, & Lerner, 2014). Another study collected school engagement
and school dropout data two years later for a sample of 11,827 French-Canadian high school
students; results showed that behavioral disengagement significantly predicted future school
dropout (β = -0.15, p < 0.001) (Archambault, Janosz, Fallu, & Pagani, 2009).
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School engagement also protects against risky health behaviors including gang
involvement, substance use disorders, and early sexual debut. A study in Singapore surveyed a
group of 1027 adolescents in grades 7 through 9 and found that behaviorally engaged students
were less likely to report gang involvement compared to those who were not engaged (OR =
0.84) (Ang, Huan, Chan, Cheong, & Leaw, 2015). Another study analyzed the 2001-2002
National Epidemiologic Survey on Alcohol and Related Conditions (NESARC), which collected
data on health behaviors and psychiatric disorders among non-institutionalized American adults
(Vaughn et al., 2011). The study found that moderate and severe levels of school disengagement
were associated with substance use disorders. The highest effect for moderate disengagement was
any alcohol use (OR = 1.77) and the highest effect for severe disengagement was marijuana use
(OR = 2.71). Furthermore, among a group of African American adolescent males (n = 219), a
high level of school engagement was significantly associated with lower odds of externalizing
behaviors (i.e., aggressive and delinquent behaviors) (OR = 0.92), gang involvement (OR = 0.93),
early sexual debut (OR = 0.92), and engagement in unsafe sex (OR = 0.92) (Voisin & Elsaesser,
2016).
Low level of school engagement is a concern for students in the US, where the
percentage of high school dropout changed minimally between 2012 (6.6%) and 2014 (6.5%)
(National Center for Education Statistics, 2017). School dropout comes with its own financial and
health costs. Adults without a high school diploma are more likely to be unemployed, earn less,
and report poorer health than high school graduates (Bureau of Labor Statistics, U.S. Department
of Labor, 2015; Bureau of Labor Statistics, U.S. Department of Labor, 2017; Lansford, Dodge,
Pettit, & Bates, 2016).
Several characteristics have been found to be associated with school engagement in
children and adolescents. Sociodemographic factors including age, sex, race, and family SES
were often adjusted in models predicting school engagement as they have shown significant
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bivariate associations (Bethell, Newacheck, Hawes, & Halfon, 2014; Bowen & Bowen, 1999;
Carey, Singh, Brown, & Wilkinson, 2015; Cote-Lussier & Fitzpatrick, 2016; Daly, Shin, Thakral,
Selders, & Vera, 2009; Mehta, Cornell, Fan, & Gregory, 2013). Children’s physical and mental
health were also found to be predictive of school engagement (Carey et al., 2015; Cote-Lussier &
Fitzpatrick, 2016).
Fewer family characteristics, in addition to SES, were assessed in association with school
engagement. Household composition and family events resulting in ACEs were the few family
characteristics found to be associated with school engagement (Bethell et al., 2014; Carey et al.,
2015). School and neighborhood characteristics have been less studied in relation to school
engagement. Perceptions of school safety and bullying have been associated with school
engagement among teens such that teens who felt safer and those who perceived less bullying at
school were more engaged (Cote-Lussier & Fitzpatrick, 2016; Mehta et al., 2013).
The environments in which children live, learn, and play bear significance on their
growth and development according to the ecological model of health presented earlier. It follows
that, in addition to individual traits, characteristics of the external environments (i.e. home,
school, and neighborhood) also play an important role in shaping children’s experiences. The
extant literature on school engagement have focused specifically on one or few components of the
ecological model, and few studies included the broader contexts of school and neighborhood in
their examinations of school engagement. Exploration of the external characteristics can provide
insights into the possible interventions that can be used to increase school engagement in children
and teens.
School Engagement and Behavioral/Mental Health
In addition to exhibiting a protective relationship against health risk behaviors such as
gang involvement, substance use, and sexual activity (Ang et al., 2015; Vaughn et al., 2011;
Voisin & Elsaesser, 2016), school engagement, or a similar construct (i.e., school attachment,
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connectedness, or bonding) has also been examined in relation to other behavioral outcomes. A
study of 461 maltreated adolescents in the US showed that as school engagement increased,
counts of delinquency decreased (IRR = 0.88) (Snyder & Smith, 2015). Another study of 203
adolescents in the UK found that school connectedness, a construct similar to emotional
engagement as discussed earlier, exhibits a significant positive relationship with prosocial
behavior independent of parental and peer attachments (β = 0.187) (Oldfield, Humphrey, &
Hebron, 2016). These findings suggest that school engagement protects teens from antisocial
behaviors including delinquency.
School engagement has also been studied in relation to mental health outcomes in
children and adolescents. In 1997, Resnick et al. conducted one of the first US studies examining
school connectedness and adolescent mental health. They used a nationally representative sample
of 12,118 adolescents and found that school connectedness protects against emotional distress
and suicidality among participants. For example, school connectedness was negatively associated
with emotional distress (β = -0.43) and suicidality (β = -0.17) for grades 7 to 8 (Resnick et al.,
1997). A more recent study of 5,022 adolescents in the UK indicated that school connectedness is
negatively associated with low mood after adjusting for gender, year group, school, attachment
style, and self-esteem (β = -0.027) (Millings, Buck, Montgomery, Spears, & Stallard, 2012).
These studies suggest that school connectedness appears to have a protective relationship against
negative mental health outcomes in teens.
Two prospective studies examined the relationship between attitude about school and
mental health symptoms. A study of 499 sixth- and seventh-grade students in New York collected
information about externalizing (aggression, disruptive behaviors) and internalizing (anxiety,
depression) problems, psychological vulnerabilities, and students’ perceptions of school climate
at two different time points, 1 year apart from each other (Kuperminc, Leadbeater, & Blatt,
2001). School social climate was defined in this study as “the quality and frequency of
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interactions among and between adults and students”. School social climate significantly
predicted externalizing (β = -0.25) and internalizing (β = -0.13) problems 1 year later for students.
A more positive school social climate was associated with a lower level of internalizing and
externalizing problems (Kuperminc et al., 2001).
A second prospective study utilized a sample of 2,567 eighth graders from Australia
(Shochet, Dadds, Ham, & Montague, 2006). Participants completed questionnaires about their
mental health and school connectedness at two different time points, 12 months part. For both
males and females, school connectedness at time 1 predicted symptoms of depression at time 2
after accounting for prior depressive symptoms at time 1, β = -2.07 and β = -1.94, respectively.
Similar results were observed for anxiety and general functioning (Shochet et al., 2006).
The aforementioned prospective studies were among the few to examine whether mental
health symptoms predicted future school connectedness. The former showed that internalizing
and externalizing problems did not predict school climate perceptions at year 2 after controlling
for school climate perceptions at year 1 (Kuperminc et al., 2001). The latter found that symptoms
of depression at time 1 did not predict school connectedness at time 2 after controlling for school
connectedness at time 1 (Shochet et al., 2006). The same was observed for anxiety and general
functioning. These studies suggested that while school engagement predicts mental health
symptoms, mental health symptoms do not necessarily predict school engagement in youths.
There is limited literature on school engagement and ADHD in particular. One study
examined school attitudes and suspension rates among 130 Australian adolescents with ADHD
(Zendarski, Sciberras, Mensah, & Hiscock, 2017). They found that ADHD students in their first
year of high school reported being less motivated (ADHD mean was 4.16; state mean was 4.40; p
< 0.01) and connected (ADHD mean was 3.90; state mean was 4.20; p < 0.01) compared to state
bench marks. ADHD students also reported higher suspension rate compared to state-wide
suspensions (16.9 versus 5.4, p < 0.01). Multivariable analysis revealed that inattentive symptoms
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were not significantly associated with student attitudes to school or the probability of being
suspended. Hyperactivity symptoms were not associated with attitudes to school but were
associated with the probability of being suspended (OR = 2.15, p = 0.03) (Zendarski et al., 2017).
Results suggested that while there is a difference in attitudes about school between students with
ADHD and state averages, ADHD symptoms were not necessary predictive of school attitudes.
This study did not allow for the comparison between students with and without ADHD in
the adjusted models. Therefore, we cannot conclude about the differences in school attitudes and
suspension rates between ADHD students and controls. This study, however, included conduct
problems in their model examining ADHD and school engagement. It is important to account for
any history of conduct problems because it has been shown to be associated with both school
engagement and ADHD. As discussed in the comorbidity section, ADHD often coexists with
ODD and CD (Willcutt et al., 2012). Conduct problems have also shown an association with
school connectedness. A study of 500 middle school students in central Texas showed that school
connectedness at time 1 was negatively associated with conduct problems a year later (β = -0.14)
(Loukas, Ripperger-Suhler, & Horton, 2009). In addition, conduct problems at time 1 was
negatively associated with school connectedness a year later (β = -0.09). The authors explained
that students who feel connected to school are more likely to adhere to rules and norms, and
therefore less likely to behave negatively as compared to students who do not feel connected to
school. On the other hand, students who exhibit behavioral problems may have difficulty forming
quality relationships with teachers and peers, thereby making them feel less connected to their
school (Loukas et al., 2009).
In summary, there is emerging research signifying the relationship between school
engagement, or similar constructs, and mental/behavioral health. School engagement appears to
have a protective effect against negative behavioral and mental health outcomes. Studies
emphasized that forming social bonds to prosocial institutions (such as schools) may increase
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prosocial behavior, decrease delinquency, and alleviate some of the risks for depression and
anxiety. While the directionality of ADHD predicting school engagement may instinctively make
more sense as one would expect that children with ADHD have difficulties engaging in their
school life, results from prospective studies indicated that school engagement predicts mental
health symptoms, not necessarily the other way around. Yet, published literature on the
association between school engagement and ADHD is scarce, especially with a model inclusive
of ODD and CD.
Physical Activity and ADHD
In this section, the benefits of physical activity as a form of treatment for ADHD in
pediatric patients are discussed. Non-pharmacological treatment for ADHD such as behavior
therapy was previously discussed as an effective treatment for children with ADHD (Fabiano et
al., 2009). However, behavior therapy can be expensive and time consuming, making it difficult
for families to maintain (Halperin, Berwid, & O'Neill, 2014). An emerging non-pharmacologic
treatment that might be more manageable for families and children is physical activity. The
World Health Organization (WHO) defines physical activity “as any bodily movement produced
by skeletal muscles that requires energy expenditure” (World Health Organization, 2017).
Physical activity has numerous health benefits, including improving emotional, behavioral, and
cognitive functioning in children (Cornelius, Fedewa, & Ahn, 2017).
A meta-analysis reviewed 40 studies, cross-sectional and longitudinal, that examined
exercise and depression in children and adolescents under 18 years of age (Korczak, Madigan, &
Colasanto, 2017). Results showed a significant negative relationship between physical activity
and depression symptoms (r = -.14). The effect size was smaller in longitudinal studies
suggesting that physical activity has a weak positive association with future depressive
symptoms. There is also evidence for the benefit of exercise in improving behavioral functioning
in children. In a longitudinal study, second- and third- grade students in intervention schools
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received teacher-delivered physical activity lessons in class daily for 3 years (Szabo-Reed et al.,
2017). Time on task before and after physical activity lessons were measured and compared with
students in control schools. Results showed that students in the intervention group spent more
time on task after physical activity lessons than those in the control group. In addition, physical
activity also appears to help with cognitive functioning in children. Another meta-analysis
extracted data from 59 studies that examined physical activity and cognitive functioning in
children aged 3 to 18 years (Fedewa & Ahn, 2011). Results demonstrated a significant positive
relationship between exercise and children’s cognitive outcomes (r = 0.32). Effect sizes were
largest for aerobic exercises, small group interventions, and higher frequency of physical activity
(Fedewa & Ahn, 2011).
The benefit of physical activity for cognitive functioning in particular gives researchers
reason to believe that exercise may help alleviate ADHD symptoms (Berwid & Halperin, 2012).
A study conducted a meta-analysis of 20 experimental studies of the effect of physical activity on
children (aged 3 to 18) with ADHD (Cornelius et al., 2017). The sample sizes of the reviewed
study ranged from 10 to 1214. Overall, children who received physical activity had higher scores
on positive behavioral, cognitive, and mood outcomes compared to those in the control group.
The effect of exercise was significant specifically for emotion/mood problem, internalizing
problems, aerobic activity, older children, and those not on medication at the time of intervention
(Cornelius et al., 2017).
Despite the evidence supporting the benefits of physical activity in ameliorating the
symptoms of ADHD in pediatric populations, children with ADHD appeared to engage in less
physical activity than those without ADHD. One study using a nationally representative sample
of children aged 10 to 17 years found that children with ADHD and comorbid learning
disabilities and children with ADHD engaged in less physical activity compared to those without
ADHD (Cook, Li, & Heinrich, 2015). Another study using children aged 6 to 17 years found that
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children with ADHD engage in less physical activity and organized sports regardless of
medication status (J. Kim, Mutyala, Agiovlasitis, & Fernhall, 2011). Thus, it appears that
children with ADHD are less physically active compared to those without ADHD, however, more
studies are necessary to verify this finding.
No published studies, to our knowledge, have examined factors associated with physical
activity in children with ADHD using a theoretical framework. The ecological models of health
emphasize the role of external environments on the health behaviors and outcomes of children
(Fielding et al., 2010). The role of community environments should then be included in the
examination of the determinants of physical activity. Children often engage in physical activities
outside at parks, sidewalks in their neighborhood, or indoor at recreational centers. These points
of access to physical activity and how safe they are perceived by children and caregivers can
either deter or facilitate children’s engagement in physical activity.
The literature shows that neighborhood characteristics including neighborhood safety,
access to physical activity, and social capital have been associated with physical activity in
children (Carson, Kuhle, Spence, & Veugelers, 2010; Datar, Nicosia, & Shier, 2013; Duke,
Borowsky, & Pettingell, 2012; Galaviz, Zytnick, Kegler, & Cunningham, 2016; Singh, Kogan,
Siahpush, & Van Dyck, 2008). Furthermore, poor neighborhood physical conditions, lack of a
supportive neighborhood, and low neighborhood safety have been associated with ADHD and/or
disruptive behaviors (Butler, Kowalkowski, Jones, & Raphael, 2012). These studies indicate that
neighborhood characteristics can influence the levels of physical activity and risk for ADHD in
children. As such, differences in neighborhood characteristics should be examined to determine
their contribution to levels of physical activity in this population.
Research Questions and Aims
To fully understand the behavioral and health outcomes in children such as ADHD, it is
imperative that we consider the external environments that may be influencing these outcomes.
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School and community environments have been less studied in regard to their influences on
behavior and mental health in pediatric populations. There are several research gaps identified in
the literature that are important to explore including predictors of school engagement, the
relationship between school engagement and ADHD, and the association between community
characteristics supportive of physical activity and physical activity in children diagnosed with
ADHD. Filling the first research gap will provide support for the use of ecological model in
studying mental health and behavioral outcomes in children and adolescent. It will also provide
evidence for modifiable predictors of school engagement that have not been extensively
examined in previous literature. The results can help direct interventions to improve academic
outcomes in the US.
Addressing the second research gap about the association between school engagement
and ADHD can provide support for the contribution of external factors on ADHD diagnosis. In
addition, it will also provide a new model to examine the relationship between school
engagement and ADHD. Filling the third research gap will provide new information about the
levels and associated factors of physical activity in children with ADHD. The results can in turn
direct interventions to increase physical activity levels in this high-risk group.
The goal of this dissertation is to apply an ecological model in examining the roles of
school and community in the development of childhood ADHD through school engagement and
physical activity. The dissertation is carried out with three studies. The primary aims and
hypotheses of the three studies are as follows:
Study 1 Aim: To examine the associations between individual, family, school and neighborhood
predictors and school engagement among US children aged 6 to 17 years.
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Hypothesis: Selected individual, family, school, and community predictors are
significantly associated with school engagement with positive indicators being associated
with higher levels of school engagement.
Study 2 Aims: To examine (1) whether school engagement has an independent protective
association against the risk of ADHD in children aged 6 to 17 years, and (2) whether
environmental factors have an association with ADHD either directly or indirectly via their
association with school engagement.
Hypotheses: (1) School engagement is associated with currently having an ADHD
diagnosis in a negative direction and (2) environmental factors are associated with
ADHD indirectly via their contributions to school engagement.
Study 3 Aims: To examine (1) the levels of physical activity among children aged 6 to 17 years
in the U.S., (2) the associations between environmental factors and physical activity levels in the
same sample, and (3) whether the relationships between environmental factors and physical
activity vary in children with and without ADHD.
Hypotheses: (1) Children in the sample are physically active for 7 or more days per
week, (2) positive environmental factors (such as safe neighborhood, supportive
neighborhood, and access to physical activity resources) are associated with being
physically active, and (3) the relationships between environmental factors and physical
activity vary in children with and without ADHD.
National Survey of Children’s Health
Data from the 2011-2012 NSCH were used to answer the research questions. The NSCH
is a cross-sectional telephone survey that collects information about the health of children aged 017, as reported by their parents or caregivers, from all 50 states in the US and District of
Columbia. The 2011-2012 NSCH was funded by the Maternal and Child Health Bureau (MCHB)
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and conducted by the National Center for Health Statistics (NCHS). The survey utilized a state
level sample design, where landline and cell phone numbers were sampled from each state. US
households were contacted through random-digit-dialing of those landline and cell phone
numbers, and then screened for one resident child between the ages of 0 and 17 years. If multiple
children resided in the same household, one child was randomly selected as subject of the survey.
The respondent was a parent or caregiver with knowledge about the selected child’s health. Data
for 2011-2012 NSCH were collected between February 2011 and June 2012. A total 95,677
interviews were achieved with a completion rate of 54.1% for the landline sample and 41.2% for
the cell phone sample. Sampling weights were provided by NSCH to produce estimates
representative of children nationally and in each state. The 2011 American Community Survey
(ACS) and 2010 census were used as the control populations (National Center for Health
Statistics, 2017).
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CHAPTER 2. PREDICTORS OF SCHOOL ENGAGEMENT IN
U.S. CHILDREN: AN ECOLOGICAL PERSPECTIVE1

1

Adapted from manuscript under review.
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Abstract
Aim: Few studies have concurrently investigated multiple components of the ecological model of
school engagement in a nationally representative sample. Our aim was to assess the association
between individual, family, school and neighborhood characteristics with school engagement
among U.S. children aged 6-17.
Methods: The 2011-2012 National Survey of Children’s Health (NSCH) collected
comprehensive health information reported by parents for 95,677 children aged 0-17 years. Our
study focused on the 65,680 children aged 6-17 years. Individual characteristics included the
child’s race, age, sex, overall health, adequacy of health insurance, and presence of chronic health
conditions. Family characteristics included family structure, parental employment and education,
household income, primary language spoken at home, and adverse childhood experiences
(ACEs). School and neighborhood characteristics included school safety, community safety,
presence of neighborhood amenities, and presence of detracting neighborhood elements. We
estimated logistic regression models to examine the association between selected predictors and
school engagement controlling for other individual, family, and school and neighborhood
characteristics.
Results: The percentage of children reported to have low school engagement was 18.9%. Being
older, non-Hispanic black, and male were associated with low school engagement (p < 0.0001, p
= 0.0033, and p < 0.0001, respectively). Children with less than excellent overall health, any
chronic health conditions, and lack of adequate health insurance were more likely to be less
engaged in school (p = 0.0067, p < 0.0001, and p = 0.0012, respectively). Living in a family
structure other than a two-parents biological/adopted household, with a caregiver who only
graduated high school, and having any ACEs were associated with low school engagement (p =
0.0002, p = 0.0214, and p < 0.0001, respectively). Furthermore, low levels of school and
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community safety and having few neighborhood amenities were associated with low school
engagement (p < 0.0001, p = 0.0020, and p = 0.0258, respectively).
Conclusion: The results showed that there was not one single predictor but rather multiple factors
from various environments associated with children’s engagement in school. A number of these
factors belong in the broader context of school and community, and more importantly are
modifiable. They require further investigation as potential important factors to promote academic
success.
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Introduction
School engagement measures the degree to which students feel motivated and invested in
different aspects of their school life. Engagement is an important factor influencing students’
academic and health outcomes. Students who are motivated and invested in school are more
likely to report higher grades and less likely to drop out of school compared to disengaged
students (Archambault et al., 2009; Chase et al., 2014). Subsequently, adults without a high
school diploma are more likely to be unemployed, earn less, and report poorer health than high
school graduates (Bureau of Labor Statistics, U.S. Department of Labor, 2015; Bureau of Labor
Statistics, U.S. Department of Labor, 2017; Lansford et al., 2016). School engagement also
protects against risky health behaviors, including gang involvement, subsequent psychiatric and
substance use disorders, and early sexual debut (Ang et al., 2015; Vaughn et al., 2011; Voisin &
Elsaesser, 2016).
Several characteristics have been found to be associated with school engagement in
children and adolescents. Sociodemographic factors including age, sex, race, and family
socioeconomic status (SES) were often adjusted in models predicting school engagement as they
have shown significant bivariate associations (Bethell et al., 2014; Bowen & Bowen, 1999;
Carey et al., 2015; Cote-Lussier & Fitzpatrick, 2016; Daly et al., 2009; Mehta et al., 2013).
Children’s physical and mental health were also found to be predictive of school engagement
(Carey et al., 2015; Cote-Lussier & Fitzpatrick, 2016). Household composition and family events
resulting in adverse childhood experiences (ACE) were the few family characteristics found to be
associated with school engagement (Bethell et al., 2014; Carey et al., 2015). In addition, school
and neighborhood characteristics including perception of being unsafe and exposure to violence
have shown associations with negative school related outcomes (Bowen & Bowen, 1999; CoteLussier & Fitzpatrick, 2016; Mehta et al., 2013; Milam, Furr-Holden, & Leaf, 2010).
The environments in which children live, learn, and play bear significance on their
growth and development according to the ecological model, which recognizes the complexity of
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factors from various system levels contributing to health behaviors (Bronfenbrenner, 1979;
Fielding et al., 2010). It follows that, in addition to individual traits, characteristics of the external
environments (i.e., home, school, and neighborhood) also play an important role in children’s
experiences. The extant literature on school engagement have focused specifically on one or few
components of the ecological model, and few studies included the broader contexts of school and
neighborhood in their examinations of school engagement. The aim of the current study was to
examine the associations between school engagement and selected individual, family, school and
neighborhood characteristics among children aged 6-17 using a large nationally representative
sample (see Figure 2). We hypothesized that in addition to individual traits, characteristics from
external environments also contribute to students’ engagement in school.

Figure 2. Conceptual Model for the Ecology of School Engagement in Children

45

46

Methods
Sample
The National Survey of Children’s Health (NSCH) is a cross-sectional telephone survey
that collects information about the health of children aged 0-17, as reported by their parents or
caregivers, from all 50 states in the US and District of Columbia. The 2011-2012 NSCH was
funded by the Maternal and Child Health Bureau (MCHB) and conducted by the National Center
for Health Statistics (NCHS). The survey utilized a state level sample design, where landline and
cell phone numbers were sampled from each state. US households were contacted through
random-digit-dialing of those landline and cell phone numbers, and then screened for one resident
child between the ages of 0 and 17 years. If multiple children resided in the same household, one
child was randomly selected as participants of the survey. The respondent was a parent or
caregiver with knowledge about the selected child’s health. Data for 2011-2012 NSCH were
collected between February 2011 and June 2012. A total 95,677 interviews were achieved with a
completion rate of 54.1% for the landline sample and 41.2% for the cell phone sample. The
current study focused on the 65,680 children aged 6 to 17 years contained within the larger
dataset. Although many five-year-olds are in schools, they would be enrolling in kindergarten and
might not have assigned homework. Therefore, they were excluded from our sample.
Measurement of the Outcome: School Engagement
All survey data were based on parental report, which served as a proxy for child’s selfreport. The limitations of using such measurement are addressed later in our discussion. The
NSCH measured school engagement using responses to two survey questions asking caregivers
“How often this was true for [sampled child] during the past month: [he/she] cares about doing
well in school and [he/she] does all required homework” (National Center for Health Statistics,
2017). The responses were categorized as follows: “Never, rarely, or sometimes is engaged in
school” and “Usually or always is engaged in school”. The validity of this measurement of school
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engagement has not been verified, however, items in the NSCH questionnaire underwent
technical expert panel (TEP) review before implementation. In addition, national data on school
engagement in the US are lacking except for that which was collected in the NSCH. Previous
research also used the same measurement of school engagement (Bethell et al., 2014; Carey et
al., 2015; Reuben & Pastor, 2013).
Measurement of Individual Characteristics
Individual characteristics included children’s race/ethnicity, age, and sex. Race/ethnicity
was categorized as follows: non-Hispanic white, non-Hispanic black, Hispanic, or non-Hispanic
multiracial or other. In addition, we included children’s general health status, adequacy of health
insurance, and current chronic health conditions as poor health is associated with negative school
outcomes such as absenteeism (Ingul, Klöckner, Silverman, & Nordahl, 2012; Kearney, 2008).
Children’s general health status was categorized as follows: excellent or very good, good, and fair
or poor. Adequacy of health insurance was derived from responses to five questions assessing
whether the child currently had health insurance, whether coverage usually or always met his or
her needs, whether coverage allowed the child to see needed provider, and whether there was no
out-of-pocket expenses or out-of-pocket expenses were reasonable. A positive response to all
these questions was considered as having adequate health insurance that met the child’s needs.
Presence of current chronic health conditions was assessed using responses to questions
of whether parents or caregivers have ever been told that their child had a specific condition and
whether the child currently had the condition. A child may not have any current chronic health
conditions; currently have a mental, behavioral or neurodevelopmental condition but not a
physical condition; currently have a physical condition but not a mental, behavioral or
neurodevelopmental condition; or currently have both mental and physical conditions.
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Measurement of Family Characteristics
We selected three indicators for family SES: parental employment and education and
household income. Parental employment was assessed using the question: “Was anyone in the
household employed at least 50 weeks out of the past 52 weeks?” with a yes or no response.
Parental level of education was categorized as less than high school, high school graduate, and
more than high school. Household income was determined by the Department of Health and
Human Services (DHHS) guidelines for incomes above/below the federal poverty level (FPL) and
categorized as less than 100% FPL, 100-199% FPL, 200-399% FPL, and 400% or more FPL.
Household income was calculated using income values from imputed income data files offered by
the NCHS as the original variable for income had 9.7% missing values.
Other characteristics of the home environment included family structure, primary
language spoken at home, and ACEs. Family structure was categorized as two parents –
biological or adopted; two parents – step family; single mother – no father present; and other
family type. Primary language spoken at home was classified as English or other than English.
ACEs were assessed using responses to 9 items regarding socioeconomic hardship, divorce of
parent, death of parent, parent having served time in jail, witness to domestic violence, victim of
neighborhood violence, having lived with someone who was mentally ill or suicidal, having lived
with someone with alcohol or drug problem, and victim of victim discrimination. The number of
ACEs ranged from 0 to 4 or more (Centers for Disease Control and Prevention, Kaiser
Permanente, 2016).
Measurement of School and Neighborhood Characteristics
The school and community environments were characterized by perception of safety and
neighborhood physical attributes. Parents were asked: “How often do you feel [child name] is
safe at school?...in your community or neighborhood?” The responses to both questions were
categorized as follows: never or sometimes safe and usually or always safe. Neighborhood
physical attributes included a count of neighborhood amenities (parks, recreation centers,
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sidewalks, or libraries) and a count of detracting neighborhood elements (vandalism, rundown
housing, and litter).
Statistical Analysis
After removing any missing value for all variables, the number of children included in
the analysis was 55,770. All variables had less than 3% missing except for parental education
which had 5.7% missing. Logistic regression was used to estimate the association of low levels of
school engagement with covariates. Any covariate with a p-value not greater than 0.1 in the
unadjusted results was included in the multivariable model. Alternatively, a forward stepwise
selection process was used to model school engagement and reaffirmed the results of the initial
modeling approach. Logistic regression was also used to test for interaction between age and
other covariates to determine whether predictors vary by age years. No such interaction was
found. Sampling weights were used to make data representative of all non-institutionalized
children aged 0 to 17 years in the US. The method used to calculate sampling weights was
described elsewhere (National Center for Health Statistics, 2017). Analysis was conducted using
SAS statistical software, version 9.4 (SAS Institute, 2013). SAS complex survey procedures were
invoked for all analysis to account for the survey’s complex design.
Results
Sample Characteristics
The percentage of school-aged children reported by parents as “Never/rarely/sometimes
engaged” in school was 18.9% (see Table 1). The racial/ethnic distribution was 56.7% nonHispanic white, 19.3% Hispanic, 14.1% non-Hispanic black, and 9.8% multiracial/other. Mean
age of the sample was 11.5 years (standard error 0.03). The percentage of males and females were
51.2% and 48.8% respectively. The percentage of children reported to have excellent or very
good health was 85.5%, good health 11.4%, and fair or poor health 3.0%. Children in our sample
all had some type of health insurance and approximately three quarters of children (74.6%)
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currently had insurance that adequately met their health needs. When examining the presence of
current chronic health conditions, 14.1% of children had at least one mental, behavioral or
neurodevelopmental condition, 10.6% had at least one physical condition, and 5.3% had both
mental and physical conditions.
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Table 1. Weighted Characteristics of Sample, 2011-2012 National Survey of Children’s Health, ages 6-17 years
(n = 55,770)

Variables

Unweighted

Weighted

Number

Percent

School engagement
Never/rarely/sometimes engaged

10,166

18.9

Usually/always engaged

45,604

81.1

Hispanic

6,211

19.3

White, non-Hispanic

38,618

56.7

Black, non-Hispanic

5,190

14.1

Multiracial/other, non-Hispanic

5,751

9.8

11.54

0.03

Male

28,818

51.2

Female

26,952

48.8

Excellent/very good

49,275

85.5

Good

5,167

11.4

Fair/poor

1,328

3.0

No

13,784

25.4

Yes

41,986

74.6

Does not have any

39,656

69.9

Has any mental/behavioral/neurodevelopmental conditions

7,434

14.1

Has any physical conditions

5,652

10.6

Has both mental and physical conditions

3,028

5.3

Child’s race/ethnicity

Child’s age (mean/standard error)
Child’s sex

Children’s overall health

Adequacy of current health insurance

Current chronic health conditions
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Family structure of household
Two parents-biological or adopted

38,002

61.9

Two parents-step family

5,089

12.1

Single mother-no father present

8,620

18.7

Other family type

4,059

7.4

No

5,868

13.2

Yes

49,902

86.8

Less than high school

7,926

20.1

High school graduate

19,947

33.5

More than high school

27,897

46.3

<100% FPL

6,557

17.3

100-199% FPL

8,796

19.9

200-399% FPL

17,604

30.4

400% or more FPL

22,813

32.4

English

52,896

89.3

Other than English

2,874

10.7

0

29,665

47.5

1

13,147

25.6

2

5,859

12.1

3

3,178

7.0

4 or more

3,921

7.8

2,666

6.4

Household adult employeda

Parental education

Household income

Primary language spoken at home

Adverse childhood experiences

Perceived school safety
Never/sometimes safe
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Usually/always safe

53,104

93.6

Never/sometimes safe

4,500

12.0

Usually/always safe

51,270

88.0

No amenities

1,891

3.2

1 amenity

3,420

5.7

2 amenities

7,006

11.7

3 amenities

13,750

24.5

All 4 amenities

29,703

54.9

No detracting elements

41,404

72.4

1 detracting element

9,310

17.0

2 detracting elements

3,377

7.0

3 detracting elements

1,679

3.6

Perceived community safety

Neighborhood amenitiesb

Detracting neighborhood elementsc

a

Household adult employed at least 50 weeks out of past 52 weeks

b

Amenities: sidewalk, park, recreation center, library

c

Detracting elements: litter, dilapidated housing, vandalism
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The percentage of children living with two parents – biological or adopted was 61.9%,
with two parents – stepfamily 12.1%, with a single mother – no father present 18.7%, and with
other family type 7.4%. The percentage of children living with an adult who worked at least 50
weeks out of the past 52 was 86.8%. Approximately 20.1% of children lived with a caregiver
with less than high school education, 33.5% lived with a caregiver who graduated high school,
and 46.3% lived with a caregiver with more than high school education. The annual household
income distribution was 17.3% with <100% FPL, 19.9% with 100-199% FPL, 30.4% with 200399% FPL, and 32.4% with 400% or more FPL. The primary language spoken at home was
English for 89.3% of the children. The percentage of children who experienced one ACE was
25.6%, two ACEs 12.1%, three ACEs 7.0% and four or more ACEs 7.8%.
The percentage of children who never or sometimes felt safe in school was 6.4%. The
percentage of children who never or sometimes felt safe in the community was 12.0%. The
percentage of children who lived in neighborhoods where there was none or only one amenity
such as a park, recreation center, sidewalk, or library was 8.9%. The percentage of children
whose neighborhoods had 2 to 3 detracting elements including vandalism, rundown housing, or
litter was 10.6%.
Logistic Regressions
Table 2 shows the unadjusted and adjusted odds ratios for low levels of school
engagement (i.e., “Never/rarely/sometimes engaged”). All covariates were significantly
associated with low school engagement in the unadjusted models and were therefore included in
the multivariable model. Age, sex, current chronic health conditions, ACEs, and perceived school
safety were among the strongest predictors of low school engagement. Age was significantly
associated with low school engagement such that older children were more likely to be
disengaged compared to younger children (odds ratio (OR) = 1.09; 95% confidence intervals (CI)
= 1.07-1.11). Males were more likely to have low school engagement compared to females (OR =
2.34; 95% CI = 2.10-2.60). Presence of current chronic health conditions showed strong evidence
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of being associated with low school engagement (p < 0.0001). Children who currently had a least
one mental, behavioral or neurodevelopmental condition (OR = 3.36; 95% CI = 2.95-3.83) and
children who currently had both mental and physical conditions (OR = 3.29; 95% CI = 2.73-3.98)
were more likely to have low school engagement compared to children who did not have any
chronic health conditions. Having a chronic physical condition without any mental condition was
not associated with low school engagement.
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Table 2. Odds Ratios (OR) and 95% Confidence Intervals (CI) for Low School Engagement, 2011-2012 National
Survey of Children's Health, ages 6-17 (n = 55,770)

Unadjusted OR
Variables

(95% CI)

Child’s race/ethnicity
Hispanic

p-value

Adjusted ORa
(95% CI)

<0.0001

0.0033

0.97 (0.83, 1.14)

1.00 (0.82, 1.22)

White, non-Hispanic

1.00

1.00

Black, non-Hispanic

1.57 (1.39, 1.79)

1.24 (1.07, 1.45)

Multiracial/other, non-Hispanic

0.81 (0.68, 0.96)

0.83 (0.69, 1.00)

Child’s age

<0.0001
1.09 (1.08, 1.11)

Child’s sex
Male
Female

Excellent/very good

<0.0001
1.09 (1.07, 1.11)

<0.0001

<0.0001

2.37 (2.15, 2.61)

2.34 (2.10, 2.60)

1.00

1.00

Child’s overall health

<0.0001

0.0067

1.00

1.00

Good

1.78 (1.54, 2.07)

1.31 (1.10, 1.55)

Fair/poor

2.54 (1.95, 3.30)

1.26 (0.93, 1.70)

Adequacy of current health insurance

<0.0001

0.0012

No

1.35 (1.21, 1.50)

1.21 (1.08, 1.36)

Yes

1.00

1.00

Current chronic health conditions
Does not have any

p-value

<0.0001

<0.0001

1.00

1.00

Has any mental conditions

4.50 (3.98, 5.08)

3.36 (2.95, 3.83)

Has any physical conditions

1.17 (0.97, 1.40)

0.93 (0.77, 1.12)

Has both mental and physical

4.99 (4.23, 5.89)

3.29 (2.73, 3.98)

conditions
Family structure of household

<0.0001

0.0002
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Two parents-biological/adopted

1.00

1.00

Two parents-step family

2.38 (2.05, 2.76)

1.42 (1.20, 1.68)

Single mother-no father

2.27 (2.02, 2.54)

1.28 (1.10, 1.50)

Other family type

2.20 (1.84, 2.65)

1.28 (1.04, 1.59)

Household adult employedb

<0.0001

0.3206

No

1.48 (1.29, 1.70)

0.92 (0.77, 1.09)

Yes

1.00

1.00

Parental education

<0.0001

0.0214

Less than high school

1.27 (1.10, 1.46)

0.99 (0.84, 1.17)

High school graduate

1.32 (1.19, 1.46)

1.16 (1.04, 1.30)

More than high school

1.00

1.00

Household income

<0.0001

0.0794

<100% FPL

2.18 (1.90, 2.51)

1.25 (1.04, 1.50)

100-199% FPL

1.74 (1.52, 1.99)

1.15 (0.99, 1.34)

200-399% FPL

1.41 (1.25, 1.59)

1.13 (0.99, 1.28)

1.00

1.00

400% or more FPL
Primary language spoken at home
English
Other than English

0.0020

0.0909

1.00

1.00

0.69 (0.55, 0.87)

0.77 (0.56, 1.04)

Adverse childhood experiences

<0.0001

<0.0001

0

1.00

1.00

1

1.66 (1.47, 1.88)

1.21 (1.05, 1.38)

2

2.96 (2.55, 3.43)

1.91 (1.60, 2.28)

3

3.27 (2.72, 3.95)

1.83 (1.46, 2.29)

4 or more

4.24 (3.62, 4.97)

1.90 (1.55, 2.33)

Perceived school safety
Never/sometimes safe
Usually/always safe

<0.0001

<0.0001

3.07 (2.57, 3.65)

1.95 (1.58, 2.40)

1.00

1.00
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Perceived community safety
Never/sometimes safe
Usually/always safe

<0.0001

0.0020

1.87 (1.61, 2.17)

1.36 (1.12, 1.66)

1.00

1.00

Neighborhood amenitiesc

<0.0001

0.0258

No amenities

1.17 (0.92, 1.50)

0.99 (0.76, 1.30)

1 amenity

1.19 (1.00, 1.42)

0.88 (0.72, 1.09)

2 amenities

1.36 (1.18, 1.57)

1.23 (1.04, 1.44)

3 amenities

1.21 (1.08, 1.36)

1.13 (0.99, 1.28)

1.00

1.00

All 4 amenities
Detracting neighborhood elementsd
No detracting elements

<0.0001

0.2019

1.00

1.00

1 detracting element

1.36 (1.20, 1.54)

1.11 (0.97, 1.28)

2 detracting elements

1.64 (1.34, 2.01)

1.17 (0.96, 1.44)

3 detracting elements

2.04 (1.63, 2.56)

1.16 (0.87, 1.54)

a

Adjusted for all listed covariates

b

Household adult employed at least 50 weeks out of past 52 weeks

c

Amenities: sidewalk, park, recreation center, library

d

Detracting elements: litter, dilapidated housing, vandalism
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There was strong evidence that ACEs were associated with low school engagement (p <
0.001). Children who experienced four or more ACEs were more likely to be disengaged in
school compared to children who did not experience any ACEs (OR = 1.90; 95% CI = 1.55-2.33).
Parental perception of their child’s safety in school remained a significant predictor of the child’s
school engagement in the adjusted model (p < 0.0001). Children who never or sometimes felt safe
at school were more likely to have low school engagement compared to children who usually or
always felt safe at school (OR = 1.95; 95% CI = 1.58-2.40).
Other significant results showed that race was associated with low school engagement,
particularly for non-Hispanic blacks (OR = 1.24; 95% CI = 1.07-1.45). Children’s overall health
was associated with low school engagement such that children with good overall health were
more likely to have low school engagement compared to children with excellent or very good
overall health (OR = 1.31; 95% CI = 1.10-1.55). Inadequate health insurance was also associated
with low school engagement (OR = 1.21; 95% CI = 1.08-1.36). Children living in step, single
mother, or other family type were more likely to have low school engagement compared to
children living in two parents – biological or adopted household (p = 0.0002). There was
evidence that parental education was associated with low school engagement such that children
whose caregivers graduated high school were more likely to be disengaged compared to children
whose caregivers had more than a high school education (OR = 1.16; 95% CI = 1.04-1.30).
Perceived community safety was associated with low school engagement in that children
who never or sometimes felt safe in their community were more likely to be disengaged in school
compared to children who felt usually or always safe in their community (OR = 1.36; 95% CI =
1.12-1.66). Having two neighborhood amenities was associated with school engagement (OR =
1.23; 95% CI = 1.04-1.44). Employment of caregiver, household income, primary language
spoken at home and presence of detracting neighborhood elements became insignificant in the
adjusted model.
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Discussion
All individual characteristics were significantly associated with school engagement. The
finding that increased age was associated with low school engagement agreed with a previous
study showing that different constructs of school engagement (e.g. school compliance, school
identification, participation in extracurricular activities, and subjective value of learning)
decreased between 7th to 11th grade (Wang & Eccles, 2012). Furthermore, males showed lower
levels of all the constructs of school engagement compared to females in the 7th grade in the
latter study, which was consistent with our results. Our finding that race was predictive of school
engagement agreed with a previous study showing that that non-Hispanic blacks were more likely
to be disengaged in school compared to non-Hispanic white students (Carey et al., 2015).
As in a previous study, having any mental health conditions was associated with low
school engagement (Cote-Lussier & Fitzpatrick, 2016). Unexpectedly, having any chronic
physical condition was not predictive of school engagement in both the univariate and
multivariable models. This finding was not consistent with a previous study showing that more
severe asthma was associated with poorer school engagement in the univariate regression
(Stevens, Pickering, & Laqui, 2010). However, the aforementioned study measured school
engagement using school absences, contacts by school, and grades repeated. It is possible that
having a physical ailment prevents children from attending school but not necessarily from caring
to do well and finishing their homework.
Among family characteristics, family structure, parental education, and ACEs were the
only significant predictors of low school engagement. Researchers previously computed SES
using parental education, employment prestige and gross household income and found that family
SES was not associated with classroom engagement (Cote-Lussier & Fitzpatrick, 2016). Our
results examined SES factors individually and also showed that they were not associated with
school engagement with the exception of parental education. The latter finding was consistent
with a previous research, which showed that parent’s educational level during middle childhood
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exhibited long-term effect on children’s educational and occupational outcomes during adulthood
independent of other socioeconomic indices (Dubow, Boxer, & Huesmann, 2009). As in prior
studies, higher numbers of ACEs were associated with poor literacy and mathematical skills as
well as lower levels of school engagement compared to lower numbers of ACEs (Bethell et al.,
2014; Jimenez, Wade, Lin, Morrow, & Reichman, 2016). ACEs were also found to be associated
with any current chronic condition (Bethell et al., 2014). Future research might benefit from
examining the interaction between ACEs and current chronic condition and its relationship on
school engagement among children.
Among selected school and neighborhood characteristics, perceived school and
neighborhood safety and presence of neighborhood amenities predicted school engagement
among children. Parental perception of their child’s safety in school was a strong predictor of the
child’s engagement in school. Students who felt safe more frequently in school were more
engaged in school. This finding was consistent with existing literature showing that feeling safe at
school was associated with positive school-related outcomes (Cote-Lussier & Fitzpatrick, 2016;
Mehta et al., 2013; Milam et al., 2010). The finding that perceived community safety predicted
school engagement was consistent with another study which showed that personal perception of
neighborhood danger predicted school attendance, trouble avoidance, and grade for middle and
high school students (Bowen & Bowen, 1999). However, a previous study showed that
observational assessment of neighborhood safety was not associated with academic performance
(Milam et al., 2010). It is possible that the perception of being unsafe compared to actually being
unsafe has a stronger association with school engagement. More research is needed to compare
the difference between perception and reality of safety at school or in the community and their
relationships with school engagement.
Limitations
A limitation of using the NSCH was not being able to control for other potential
confounders related to school and classroom level characteristics that might have had an impact
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on school engagement. For example, we would have wanted to examine different aspects of
school and classroom environments (e.g. school geographical location, size, or teacher to student
ratio) that might have contributed to the perception of school safety. The cross-sectional nature of
the NSCH was also a limitation of the current study as it prevented the establishment of causality
in the relationship between selected predictors and school engagement. In addition, the NSCH
had a low response rate with approximately half of the respondents completing the survey. It is
possible that the respondents differed in some ways from those who did not respond. However,
sampling weights attempted to adjust for any biases.
Lastly, there are limitations to using data based on parental report. One, parents’
recollection might not accurately reflect the children’s true experiences. Two, there is a caveat
with using parental perception in that parents’ perception, for instance of school safety, might
influence their motivation in supporting their children’s activities in school. While self-report
should be the gold standard for measuring any perceived health outcome, it often times is not
available or feasible for certain groups including young and cognitively or physically impaired
children. In such context, the quality of parental proxy-report of their children’s health-related
quality of life had been examined and proved a feasible, reliable, and valid measurement of child
self-report for children aged 2-16 years (Varni, Limbers, & Burwinkle, 2007). Furthermore,
agreement between child self-report and parent proxy-report had been studied in regards to
measuring various health conditions and behaviors and generally exhibited moderate to good
agreement (Meyer, Oberhoffer, Hock, Giegerich, & Muller, 2016; Nett, Daschmann, Goetz, &
Stupnisky, 2016; Varni et al., 2007). In instances where agreement was low, parental proxy-report
still thought to be a useful supplement in providing information about their children’s health
(Barbosa Tde & Gaviao, 2015; Voepel-Lewis, Malviya, & Tait, 2005). Despite the limitations
mentioned, our study utilized a large nationally representative sample to examine multiple
components of the ecological model of school engagement. The results can thus be generalized to
a large population of children and adolescents.
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Conclusions
In a national sample of children aged 6-17 years, we found that the risk of having low
school engagement was higher for older children, non-Hispanic blacks, males, those with less
than excellent overall health, those with either a chronic mental illness or both chronic mental and
physical illnesses, and those without adequate health insurance. In addition, children living in
households other than those with two-parents biological or adopted, those whose caregivers only
graduated high school, and those who experienced ACEs were more likely to be disengaged from
school. Finally, children who felt less frequently safe in school and community and those who
lived in neighborhood with few amenities were more at risk of having low school engagement.
Results showed that multiple factors predicted children’s engagement in school, several of which
were modifiable and related to the broader contexts of school and neighborhood. Further steps
include distinguishing the significance of perceptions compared to reality of external
environments on children’s school engagement, as well as the interaction of different factors from
multiple environments on children’s academic success.
Implications for School Health
School engagement can have a positive impact on education and health by lowering
school dropout rates and risky behaviors (Ang et al., 2015; Archambault et al., 2009; Chase et
al., 2014; Vaughn et al., 2011; Voisin & Elsaesser, 2016). In a national sample of school-aged
children, we found that, in addition to individual traits, characteristics of the home, school, and
neighborhood environments were associated with school engagement. Many of these
characteristics are modifiable and provide opportunities for preventive intervention to improve
school engagement in children. Educators can potentially identify at-risk students based on the
characteristics found to be associated with low school engagement. For example, students who
have had an adverse childhood event are more likely to be disengaged and may benefit from a
trauma-informed education plan whenever appropriate.
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Programs aimed at increasing school engagement can also benefit from interventions
directed at modifying school and community characteristics. For example, improving perceived
safety at school or neighborhoods can help increase the probability that children engage in their
school life. Further work, however, is needed to investigate the indicators of school safety for
children and adolescents. Knowing the factors associated with feeling safe can help direct policies
and processes to support efforts directed at making sure students feel safe in their learning
environment. A child’s world does not exist in a vacuum; rather it exists in the context of external
environments such as family, school, and community. As such, interventions aimed at improving
the development and behavior of a child should employ a holistic approach and consider the
contributions of external environments.
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CHAPTER 3. ECOLOGICAL MODEL OF SCHOOL
ENGAGEMENT AND ATTENTIONDEFICITY/HYPERACTIVITY DISORDER IN SCHOOL-AGED
CHILDREN2

2

Adapted from manuscript under review.
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Abstract
Aims: School engagement protects against negative mental health outcomes; however, few
studies have examined the relationship between school engagement and attention-deficit
hyperactivity disorder (ADHD) using an ecological framework. The aims were to examine: (1)
whether school engagement has an independent protective association against the risk of ADHD
in children, and (2) whether environmental factors have an association with ADHD either directly
or indirectly via their association with school engagement.
Methods: This cross-sectional study used data from the 2011-2012 National Survey of Children’s
Health, which collected information about children’s mental health, family life, school, and
community. The sample contained 65,680 children aged 6 to 17 years. Structural equation
modeling was used to estimate the direct association of school engagement and ADHD and
indirect associations of latent environmental variables (e.g., family socioeconomic status (SES),
adverse childhood experiences (ACEs), environmental safety, and neighborhood amenities) and
ADHD.
Results: School engagement had an inverse relationship with ADHD (β = -0.35, p < 0.001) such
that an increase in school engagement corresponds with a decrease in ADHD diagnosis. In
addition, family SES (β = -0.03, p = 0.002), ACEs (β = 0.01, p < 0.001), environment safety (β =
-0.10, p < 0.001), and neighborhood amenities (β = -0.01, p = 0.025) all had an indirect
association with ADHD via school engagement.
Conclusion: A new ecological framework depicting the relationships among school engagement,
environmental correlates, and ADHD showed that school engagement had a direct association
with ADHD. Furthermore, environmental correlates showed indirect associations with ADHD via
school engagement. School programs targeted at reducing ADHD incidence should consider
family and community factors in their interventions.

67
Introduction
Attention-deficit/hyperactivity disorder (ADHD) is a common childhood mental disorder
characterized by “a persistent pattern of inattention and/or hyperactivity-impulsivity that
interferes with functioning or development” (American Psychiatric Association, 2013). In the
United States (US), the prevalence of ADHD in children aged 3 to 17 years is approximately
6.7% and appeared to show an increasing trend (Boyle et al., 2011). The number of parentreported diagnoses of ADHD increased 33% between 1997 and 2008 (Boyle et al., 2011). Several
factors may be contributing to the increased prevalence such as increased awareness among
parents and schools, promotion of screening and diagnosis, and advances in treatment of ADHD
(Boyle et al., 2011). ADHD has an early age of onset and often tends to persist over time
(Barbaresi et al., 2007; Biederman et al., 1996). It can also result in impairments across cognitive,
developmental, academic, and health-related domains (Barbaresi et al., 2007; Curry et al., 2017;
Frazier et al., 2004; Pastor & Reuben, 2006). Due to these factors, reducing the incidence and
improving the course of disease for ADHD should be public health priorities.
The full etiology of ADHD is unknown. Genetic studies have estimated the mean
heritability of ADHD at 76% (Faraone et al., 2005). Although this suggested that genetic
variations play a major role, it also implied that environmental factors could contribute to the
development of ADHD. As such, one of the ways to reduce the incidence of ADHD should
include an examination of modifiable factors in the environments surrounding the child. The
ecological model of health, which posits that the external environments where children interact
bear significance on their healthy development, depicts these environments in layers from most
proximal to most distal from the child (Fielding et al., 2010). Immediately outside of the family
environment, children engage most often in the school and community networks. School
represents an important social environment for children. American school-aged children spend
approximately 32 to 33 hours a week in school learning and modeling from teachers and peers
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(Hofferth & Sandberg, 2001). Social bonds to schools can play an important role in influencing
academic as well as health-related outcomes.
School engagement, a construct measuring the degree to which students feel invested and
motivated in their school life (Appleton et al., 2008), appears to have a protective relationship
against negative mental health outcomes such as emotional distress, suicidality, and low mood in
teens (Millings et al., 2012; Resnick et al., 1997). There is also research signifying the
relationship between school engagement, or similar constructs, and positive behavioral outcomes.
Studies emphasized that forming social bonds to prosocial institutions (such as schools) may
increase prosocial behavior and decrease delinquency (Oldfield et al., 2016; Snyder & Smith,
2015).
Based on the symptoms of ADHD, it instinctively makes sense to predict that children
with ADHD experience difficulty engaging in school, yet prospective studies on school aged
children and mental health find that school engagement predicts mental health symptoms, not
necessarily the other way around (Kuperminc et al., 2001; Shochet et al., 2006). There is scarce
literature, however, on the relationship between school engagement and ADHD. We know of one
study that examined school attitudes and suspension rates among 130 Australian adolescents with
ADHD (Zendarski et al., 2017). Results demonstrated that ADHD students in their first year of
high school reported being less motivated and connected and having higher suspension rate
compared to state bench marks. However, multivariable analysis revealed that having ADHD
symptoms was not predictive of student attitudes to school. This study was limited by the
inclusion of only children with ADHD and therefore, we cannot conclude about the differences in
school attitudes and suspension rates between students with ADHD and those without ADHD.
Furthermore, it did not consider the contribution of other environmental characteristics that may
affect the relationship between school engagement and ADHD.
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Findings from our previous work showed that school engagement is influenced by
individual factors as well as family and community factors including family socioeconomic status
(SES), adverse childhood experience (ACE), environment safety, and neighborhood amenities
(Nguyen et al., Unpublished). The relationships among these variables become more complex as
to whether these factors are also contributing to the development of ADHD either directly or
indirectly through their known associations with school engagement. In summary, little research
exists that examined the relationship between school engagement and ADHD, especially with a
model inclusive of environmental factors that may contribute to the diagnosis of ADHD whether
directly or indirectly through school engagement. The primary aim of the current study was to
examine whether school engagement has an independent protective association against the risk of
ADHD in children aged 6 to 17 using a population-based sample in the US. The second aim was
to examine whether environmental factors have an association with ADHD either directly or
indirectly via their association with school engagement.
Methods
Study Design and Sample
Figure 3 maps the hypothesized relationships among school engagement, ADHD, and
environmental factors. The hypothesized relationships are inspired by the ecological model and
based on existing literature supporting the associations among neighborhood characteristics (e.g.
amenities and safety), family characteristics (e.g. SES and ACE), and school engagement as
mentioned above. The variables in circles represent latent factors, which are not directly observed
but rather indicated by a group of measured variables (in rectangles). The employment of certain
measured variables to indicate a latent factor depends on the NSCH and existing knowledge. For
example, the NSCH selected the nine events depicted to measure ACEs. The indicators for SES
were household income, parent education and employment, and child’s insurance as we thought
this might also represent the child’s SES level. This conceptual model requires an analysis plan
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that can afford the examination of latent variables, multiple dependent variables, and direct and
indirect relationships among variables. We propose the use of confirmatory factor analysis and
structural equation modeling (SEM) for our analysis plan.
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Figure 3. Hypothesized Measurement and Structural Models Linking Environmental Correlates to ADHD
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Data were drawn from the 2011-2012 National Survey of Children’s Health (NSCH),
which was funded by the Maternal and Child Health Bureau (MCHB) and conducted by the
National Center for Health Statistics (NCHS) (National Center for Health Statistics, 2017). The
2011-2012 NSCH used a state-level sample design to collect health information for representative
samples of children aged 0-17 years from all fifty states and the District of Columbia. Landline
and cell phone numbers were sampled from each state, and then called and screened for presence
of a resident child under age 18. If multiple children resided in the household, one child was
randomly selected to be the survey’s participant. Survey’s respondents were parents with
knowledge about the sampled child’s health. The NSCH collected information about physical and
emotional health of children as well as information about medical homes, school life, family
interactions, and neighborhood qualities (National Center for Health Statistics, 2017). Data for
the 2011-2012 NSCH were collected between February 28, 2011 and June 25, 2012 with a total
of 95,677 completed interviews. The national interview completion rates for the landline and cell
phone samples were 54.1 and 41.2%, respectively (National Center for Health Statistics, 2017).
Our study focused on the sample of 65,680 children aged 6 to 17 who attended school and
provided data on school engagement.
Measurement of Observed Variables
Current diagnosis of ADHD in the 2011-2012 NSCH was measured by asking parents “if
a doctor or other health care provider ever told you that [selected child] had the condition” and
“does [selected child] currently have ADHD?” Positive responses to both questions affirmed that
the child has a current diagnosis of ADHD. A previous study found ADHD prevalence based on
parent-report of provider-diagnosis proved comparable to that based on medical records (Visser,
Danielson, Bitsko, Perou, & Blumberg, 2013).
Other measured variables in our model served as control variables: child’s age; sex; race
and ethnicity, categorized as non-Hispanic White, non-Hispanic black, Hispanic, and
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multiracial/other; and current diagnosis of conduct problems, categorized as yes or no. Conduct
problems have been shown to be associated with both school engagement and ADHD, and were
therefore included in the model (Loukas et al., 2009; Willcutt et al., 2012).
Measurement of Latent Variables
In our model, the latent variables were school engagement, family SES, ACE,
environment safety, and neighborhood amenities. The NSCH measured school engagement using
two questionnaire items asking parents whether their child “cares about doing well in school” and
whether “[he/she] does all required homework” during the past month. Responses for the two
items were rated on a scale ranging from never to always.
Family SES was indicated by parental education, categorized as less than high school,
high school graduate, or more than high school; parent employed for at least 50 weeks out of past
52 weeks, categorized as yes or no; annual household income, categorized as <100% federal
poverty level (FPL), 100-199% FPL, 200-399% FPL, or 400% or more FPL; and child’s health
care coverage, categorized as yes or no. ACE was represented by nine hardships including
financial stress, having lived with a divorced or separated parent, having lived with a parent who
died, having lived with a parent who served time in jail or prison, having witnessed domestic
violence, having been a victim of or witnessed violence in the neighborhood, having lived with
anyone with mental health problems, having lived with anyone who had a substance use problem,
and having experienced racial/ethnic discrimination.
Environment safety was indicated by two items measuring perceived safety in the child’s
community or neighborhood and school. Parents were asked “How often do you feel [selected
child] is safe in your community or neighborhood?” and “How often do you feel [he/she] is safe
at school?” Responses ranged on a scale from never to always. Neighborhood amenities were
represented by the presence of sidewalks, a park, a recreational center, or a library. Each item had
a yes or no response.
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Statistical Analysis
Descriptive statistics were estimated using SAS statistical software, version 9.4 (SAS
Institute, 2013) and SEM was conducted using Mplus (Muthen & Muthen, 2013). The survey’s
complex designs were accounted for in both statistical programs. SEM is a multivariate technique
capable of examining several independent and dependent variables simultaneously as well as
incorporating latent and measured variables in the model (Kline, 2011). It also allows for
correlation or covariance among a set of variables. In addition, reciprocal effects between key
variables can be estimated with cross-sectional data using SEM to better understand their
directionality. Although this technique provides a viable alternative to using longitudinal data,
causal inference is cautioned with non-experimental data (Kline, 2011). As the model that we
specified based on theory and published research included those aforementioned elements, SEM
was an appropriate analysis technique for our study aim.
SEM was carried out in two steps. First, a measurement model was used to specify the
latent variables and their measured indicators. Standardized loading coefficients of each measured
indicators on their respective constructs were estimated. Second, a structural model specifying the
relationships among our latent variables and outcome of ADHD was fitted using probit regression
and robust weighted least squares means and variance adjusted (WLSMV) estimation. Control
variables with a significant effect (p ≤ 0.05) were included in the final structural model. Total
direct and indirect effects for latent variables on ADHD were also estimated. In supplemental
analysis, the reciprocal effects between school engagement and ADHD were estimated for a
better understanding of the directionality between these variables in our data. In addition, a
subgroup analysis using only children with ADHD was conducted using the same measurement
and structural model specifications with two changes. The observed outcome for this analysis was
severity of ADHD dichotomized into mild and moderate or severe. The control variables now
included ADHD medication status categorized as yes or no.

75
Indices used to assess model fit included the Root Mean Square Standard Error of
Approximation (RMSEA), the Comparative Fit Index (CFI), and the Tucker-Lewis Index (TLI).
RMSEA values ≤ 0.05 indicate a good fit, ≤ 0.08 a reasonable close fit, and ≥ 0.10 a poor fit
(Acock, 2013; Kline, 2011). For both CFI and TLI, values ≥ 0.95 are considered good fit (Acock,
2013). The model chi-square (𝜒 2 ) was not used because in very large sample sizes, even small
differences between our model and data could result in statistically significant 𝜒 2 values (Kline,
2011). Additional parameters to the model suggested by the model indices were considered to
enhance model fit based on two criteria: (1) substantial modification index and (2) theoretical
justification (Acock, 2013).
Results
Descriptive Analysis
Table 3 shows weighted characteristics of the observed variables. In this sample, the
proportion of children aged 6 to 17 years with a current diagnosis of ADHD was 10.0%. A
smaller percentage (3.7%) had a current diagnosis of conduct problems. There were similar
distributions between the two age groups; 49.4% aged 6 to 11 years compared to 50.6% aged 12
to 17 years. The distribution of male was 51.2%. The racial and ethnic distribution was mostly
non-Hispanic white (53.7%) followed by Hispanic (22.3%), non-Hispanic black (14.2%), and
multiracial/other (9.7%).
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Table 3. Weighted Characteristics of Observed Variables (n = 65,680)

Variables

Weighted percentage

Current diagnosis of ADHD
Yes

10.0

No

90.0

Current diagnosis of conduct problems
Yes

3.7

No

96.3

Child’s age
6-11

49.4

12-17

50.6

Child’s sex
Male

51.2

Female

48.8

Child’s race/ethnicity
White, non-Hispanic

53.7

Black, non-Hispanic

14.2

Hispanic

22.3

Multiracial/other, non-Hispanic

9.7
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Table 4 provides weighted characteristics of measured indicators. For the latent variable
of school engagement, the majority of children reported usually or always caring about doing
well in school (86.1%) and doing all required homework in the past month (87.0%). For the latent
variable SES, about 33.2% of parents had a high school degree and 45.1% had more than a high
school education. The majority of parents (84.9%) were employed in the last year. The household
income distribution was as follows: 20.7% were < 100% below FPL, 21.4% 100-199% above
FPL, 28.9% 200-399% above FPL, and 29.1% 400% or more above FPL. Furthermore, about
94.1% of children had some type of health care coverage.
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Table 4. Weighted Characteristics of Measured Indicators for Latent Variables (n = 65,680)

Variables

%
School engagement

[S.C.]* cares about doing well in school
Never

1.2

Rarely

1.9

Sometimes

10.8

Usually

21.6

Always

64.5

[S.C.] did all required homework
Never

1.3

Rarely

1.9

Sometimes

9.8

Usually

22.2

Always

64.8
Socioeconomic status

Parent education
Less than high school

21.7

High school graduate

33.2

More than high school

45.1

Caregiver’s employment
Yes

84.9

No

15.1

Household income
< 100% below FPL^

20.7

100-199% above FPL

21.4

200-399% above FPL

28.9
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400% or more above FPL

29.1

Child’s health care coverage
Yes

94.1

No

5.9
Adverse childhood experiences

Hard to get by on family’s income
Never/rarely hard

74.2

Somewhat often/very often hard

25.8

Lived with a parent or guardian who got divorced or separated after [S.C.] was born
Yes

25.1

No

74.9

Lived with a parent or guardian who died
Yes

4.1

No

95.9

Lived with a parent or guardian who served time in jail or prison after [S.C.] was born
Yes

8.1

No

91.9

Witnessed domestic violence
Yes

8.9

No

91.1

Victim of violence or witnessed any violence in [his/her] neighborhood
Yes

11.5

No

88.5

Lived with anyone who was mentally ill
Yes

10.1

No

89.9

Lived with anyone who had a problem with alcohol or drugs
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Yes

13.2

No

86.8

Experienced racial/ethnic discrimination
Yes

5.6

No

94.4
Environment safety

School safety
Never

0.6

Sometimes

6.7

Usually

25.4

Always

67.3

Community safety
Never

2.0

Sometimes

11.0

Usually

31.6

Always

55.3
Neighborhood amenities

Parks/playgrounds
Yes

83.6

No

16.4

Sidewalks/walking paths
Yes

75.9

No

24.1

Recreational center
Yes

69.2

No

30.8

Library
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Yes

89.1

No

10.9

*Selected child
^Federal poverty level
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For the latent variable ACE, the most frequent experiences were financial hardship
(experienced by 25.8% of children) and living with a divorced or separated parent (25.1%). Less
frequent experiences were living with anyone who had a substance use problem (13.2%),
witnessing or being a victim of neighborhood violence (11.5%), living with anyone with a mental
health problem (10.1%), witnessing domestic violence (8.9%), and living with a parent who
served time in jail or prison (8.1%). The least frequent experiences were racial/ethnic
discrimination (5.6%) and having a parent who died (4.1%).
The majority of children lived in neighborhoods or communities that were usually or
always safe (86.9%) and went schools that parents felt were usually or always safe (92.7%).
Furthermore, most children lived in neighborhoods that afforded parks (83.6%), sidewalks
(75.9%), recreational centers (69.2%), and libraries (89.1%).
Measurement Model
The initial measurement model specifying the latent variables provided a reasonably
good fit (RMSEA = 0.02; CFI = 0.92; TLI = 0.91). Using the modification indices, additional
parameters were added to improve the model fit. Covariances between community safety and
discrimination, neighborhood violence, and financial hardship were added. Covariances between
sidewalks and parks and between living with a parent with a mental health problem and parental
education were also added. Financial hardship was allowed to cross load on ACE and SES. After
adding these parameters, the model fit improved (RMSEA = 0.01; CFI = 0.98; TLI = 0.97) and
the standardized loading coefficients were all statistically significant (p < 0.001).
Structural Model
The structural model included the measurement model specifying the latent variables and
structural equations specifying the relationships among the latent variables and the outcome. The
final model provided a good fit to our data (RMSEA = 0.01; CFI = 0.96; TLI = 0.95).
Standardized loading coefficients are reported in (Figure 4) and standardized path coefficients are
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reported in (Figure 5) for ease of visualization. The standardized loading coefficients showed
that, for example, a higher level of household income was associated with higher level of family
SES.
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Figure 4. Standardized Loading Coefficients of Measured Indicators (all associated p-values < 0.001 and added
parameters to improve model fit are in red)
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Figure 5. Standardized Path Coefficients of Latent Variables (p-values)
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Similarly, the standardized path coefficient for school engagement, for instance, can be
interpreted such that a higher level of school engagement was associated with a lower probability
of having a current ADHD diagnosis, and this association was statistically significant (p < 0.001).
One of our other latent variables, ACE, also showed a direct association with ADHD diagnosis (β
= 0.08; p = 0.001).
Environment safety (β = 0.23; p < 0.001) had a positive association with school
engagement while ACE (β = -0.28; p < 0.001) and SES (β = -0.15; p < 0.001) had negative
associations with school engagement. Neighborhood amenities had a small positive association
with school engagement (β = 0.04; p = 0.025). SES was associated with environment safety (β =
0.26; p < 0.001), neighborhood amenities (β = 0.30; p < 0.001), and ACE (β = -0.27; p < 0.001).
Furthermore, environment safety had a negative association with ACE (β = -0.12; p < 0.001).
Table 5 shows the standardized indirect effects (here we refer to statistical effects not
necessarily causal effects) of latent variables and ADHD diagnosis. All possible indirect
pathways depicted in Figure 5 were examined and reported in Table 5. Total direct effects (if
applicable) equal those reported in Figure 5. For example, SES did not have a direct effect on
ADHD and so the direct effect estimate is not available for SES in Table 5. ACE had a direct
effect on ADHD and its coefficient estimate and p-value in Table 5 (β = 0.08; p = 0.001) are the
same as those reported in Figure 5. Total indirect effects represent the cumulative effect of all
potential indirect pathways from one variable to the outcome. For example, SES had a direct
effect on all other latent variables including school engagement, which had a direct effect on
ADHD. All potential indirect pathways from SES to ADHD were, therefore, estimated. SES
carried a total indirect effect on ADHD (β = -0.03; p = 0.002) mostly via ACE and school
engagement. ACE (β = 0.10; p < 0.001) and neighborhood amenities (β = -0.01; p = 0.025) had
indirects effect on ADHD via school engagement. Furthermore, environment safety had an
indirect effect on ADHD (β = -0.10; p < 0.001) via ACE and school engagement.
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Table 5. Standardized Direct and Indirect Path Coefficients of Latent Variables

β

p

Total effect

-0.03

0.002

Total direct

--

--

-0.03

0.002

ADHD ← ACE ← SES

-0.02

0.001

ADHD ← engaged ← SES

0.05

<0.001

ADHD ← ACE ← safety ← SES

-0.00

0.003

ADHD ← engaged ← amenities ← SES

-0.00

0.027

ADHD ← engaged ← ACE ← SES

-0.03

<0.001

ADHD ← engaged ← safety ← SES

-0.02

<0.001

ADHD ← engaged ← ACE ← safety ← SES

-0.00

<0.001

Total effect

0.18

<0.001

Total direct

0.08

0.001

Total indirect

0.10

<0.001

0.10

<0.001

Total effect

-0.01

0.025

Total direct

--

--

-0.01

0.025

-0.01

0.025

Effects from SES to ADHD

Total indirect
Specific indirect effects

Effects from ACE to ADHD

Specific indirect effects
ADHD ← engaged ← ACE
Effects from Neighborhood Amenities to ADHD

Total indirect
Specific indirect effects
ADHD ← engaged ← amenities
Effects from Safety to ADHD
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Total effect

-0.10

<0.001

Total direct

--

--

-0.10

<0.001

ADHD ← ACE ← safety

-0.01

0.003

ADHD ← engaged ← safety

-0.08

<0.001

ADHD ← engaged ← ACE ← safety

-0.01

<0.001

Total indirect
Specific indirect effects
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In supplemental analysis, the model fitting the reciprocal effects of school engagement
and ADHD (not shown) revealed that ADHD did not have a significant direct effect on school
engagement (β = -0.03; p = 0.711). Furthermore, in the subgroup analysis of only children with
ADHD (not shown), school engagement continued to have a direct effect on ADHD severity
regardless of medication status (β = -0.18; p < 0.001). SES rather than ACE showed a direct
effect on ADHD (β = -0.17; p < 0.001) in this model.
Discussion
In this study, a new model examining the relationship between school engagement and
ADHD using an ecological framework was developed and tested using SEM. The model was
tested using a national representative sample of school-aged children in the US and provided a
good fit based on fit indexes. An ecological framework encouraged the inclusion of factors from
external environments, such as family, school, and community, in the study of ADHD. These
environments and their interactions with each other, in addition to biological factors, may provide
a more comprehensive understanding of the development of ADHD in children. In addition, the
use of SEM allowed for the examination of the complex relationships among these latent
environmental factors and their contribution to ADHD diagnosis. It also allowed for the
examination of directionality among key variables using cross-sectional data.
Results from the structural model demonstrated that school engagement had an inverse
relationship with ADHD such that an increase in level of school engagement corresponds to a
decrease in the probability of having ADHD diagnosis. Supplemental analysis further revealed
that among children currently diagnosed with ADHD, an increase in level of school engagement
results in a decrease in parent-reported severity of ADHD regardless of medication status. The
directionality of the findings supported our hypothesis that school engagement may be protective
against ADHD diagnosis and symptom. This hypothesis was based on existing literature which
emphasized that forming social bonds to prosocial institutions (such as schools) may increase
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prosocial behavior, decrease delinquency, and reduce the risks of negative mental health
outcomes (Millings et al., 2012; Oldfield et al., 2016; Resnick et al., 1997; Snyder & Smith,
2015). The causal effect between low school engagement and ADHD diagnosis cannot be
established using our cross-sectional data, but rather the findings strongly suggest that school
engagement may be one of the environmental protective factors in the diagnosis of ADHD and
warrants further research. In addition, we also found other environmental pathways that can
potentially influence the diagnosis of ADHD.
Our study found a direct association between ACE and ADHD, supporting a growing
body of literature that supports an association between ACEs and increased odds of ADHD in
children (Brown et al., 2017; Fuller-Thomson & Lewis, 2015; Hunt et al., 2017). However, the
path coefficients in this study suggested that ACEs have a smaller effect on ADHD compared to
school engagement. In addition, environment safety and neighborhood amenities were not
associated with ADHD, which is supported by previous research (Butler et al., 2012). Rather
environment safety and neighborhood amenities contribute indirectly to ADHD through their
associations with school engagement as indicated by their significant effects on school
engagement in our model. The direct relationships between environment safety, neighborhood
amenities, ACE, and family SES with school engagement agreed with findings from our and
others’ previous work (Bethell et al., 2014; Bowen & Bowen, 1999; Cote-Lussier & Fitzpatrick,
2016; Dubow et al., 2009; Mehta et al., 2013; Milam et al., 2010; Nguyen et al., Unpublished).
The regression coefficients showed that SES, ACE, and environment safety all had a greater
effect on school engagement than neighborhood amenities. Furthermore, examining the total
effects of latent variables on ADHD demonstrated that school engagement, ACE, and
environment safety have greater influences on ADHD than SES and neighborhood amenities.
Our results did not find a significant direct association between family SES and ADHD.
A systematic review of fifteen studies examining SES and ADHD in children was able to meta-
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analyze results from four of the fifteen studies (Russell, 2016). Results showed that low SES was
associated with higher odds of ADHD (odds ratios = 2.21, 95% confidence interval = 0.2222.13). The large confidence interval, however, suggested that the data were not sufficient at
estimating the true relationship between SES and ADHD. In addition, the meta-analysis did not
include studies that used continuous measures or a score-based SES measure. Therefore, while
our findings showed that SES contributes directly to ACE, environment safety, neighborhood
amenities, and school engagement, the relationship between SES and ADHD is still unclear.
Limitations
There are limitations in our study. One is the manner in which questions were asked. For
example, the question about neighborhood amenities asked about the presence of selected
amenities, which may not necessarily reflect the utilization of these amenities by children. As
such, interpretation about the relationship between neighborhood amenities and school
engagement or ADHD should be made with caution. However, no studies to our knowledge
attempted to account for environmental factors when studying school engagement and ADHD.
Our findings, therefore, provide preliminary insights into the relationship between having
neighborhood amenities, school engagement, and ADHD.
Second, the cross-sectional nature of the NSCH limits inferences about causality between
our key variables. However, the analysis using SEM allowed us to examine the directionality of
key variables using cross-sectional data. Third, the low response rates for the landline and cell
phone samples can potentially bias the results if those who did not respond were inherently
different than those who answered the survey. However, sampling weights attempted to adjust for
the low response rates by making the data representative of all non-institutionalized children in
the US. Regardless of these limitations, the study developed and tested a new conceptual model
mapping the relationships between environmental correlates, school engagement, and ADHD in a
nationally representative sample of school-aged children.
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Implications
Our findings suggest that improving school engagement might reduce the development of
ADHD symptom and diagnosis in children. In addition, the results also indicate that family and
community factors might be potential pathways for intervention in the course of ADHD
development indirectly via school engagement. School programs aimed at improving students’
school engagement can benefit from the inclusion of family and community factors as part of
their intervention. Path coefficients also indicate that improving environment safety, reducing
ACEs, and family SES may have greater impact on improving school engagement than
neighborhood amenities. In addition, addressing issues related to SES can improve almost all
other factors in the model. Future research is needed to expand the ecological model of school
engagement and ADHD, for instance, by including a genetic component. Additional data, such as
measuring the genetic risk for ADHD development in a large sample would allow research to
further expand the ecological model to understand upstream factors that increase risk for ADHD
development for those with genetic risk and the potential role of community and school factors
that may mitigate or elevate those risks. In a greater context, the examination of modifiable
environmental factors using an ecological model can provide insight into the potential
contribution of school and community life to other mental health outcomes, not just specifically
ADHD.
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CHAPTER 4. PHYSICAL ACTIVITY, ENVIRONMENTAL
CHARACTERISTICS, AND ATTENTIONDEFICIT/HYPERACTIVITY DISORDER
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Abstract
Aims: 1) To estimate physical activity levels among children aged 6 to 17 years, 2) to assess the
associations between environmental factors and physical activity levels in children aged 6 to 17
years, and 3) to examine whether these relationships vary in children with and without ADHD
Methods: Data from the 2011-2012 National Survey of Children’s Health, which collected
information about children’s mental health, physical activity, family life, school, and community,
were used. The sample of children aged 6 to 17 years was 65,680. Being physically active was
denoted as engaging in physical activity for at least 20 minutes for 7 days per week. Logistic
regression was used to model the associations of community safety, supportive neighborhood,
and access to physical activity resources with being active for the entire school-aged sample and
for subgroups stratified by ADHD diagnosis.
Results: Overall, 28.4% of children were physically active for at least 20 minutes for 7 days per
week. Living in a socially supportive neighborhood showed some evidence of being associated
with physical activity such that children who did not have supportive neighborhoods had 13%
lower odds of being physically active every day compared to those who did (p = 0.0484). Current
ADHD diagnosis was significantly associated with physical activity such that children currently
diagnosed with ADHD and not taking medication had 42% higher odds of being active compared
to children who did not have current ADHD diagnosis (p = 0.0069). When we compared
subgroups stratified by ADHD status, supportive neighborhood contributed to physical activity
only in children without ADHD (p = 0.0233). Furthermore, there was no significant interaction
between environmental factors and ADHD status.
Conclusion: Improving perception of a supportive neighborhood may increase physical activity
levels in school-aged children. Further research is necessary to understand the factors associated
with physical activity in children with ADHD.
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Introduction
Regular physical activity is important for children and adolescents and contributes to
lifelong health and wellness. The United States (US) Department of Health and Human Services
(DHHS) currently recommends that children aged 6 to 17 years engage in at least 60 minutes of
physical activity every day (Department of Health and Human Services, 2011). The guideline can
be achieved by incorporating one or a combination of three types of physical activity (i.e.,
aerobic, muscle strengthening, and bone strengthening activities) into children’s daily routines
(CDC, 2015). Participation in regular physical activity confers a wide range of benefits,
contributing to cardiovascular, metabolic and musculoskeletal health in children (Janssen &
LeBlanc, 2010; Physical Activity Guidelines Advisory Committee, 2008). In addition to its
physical health benefits, physical activity is also associated with positive impacts on emotional,
behavioral, and cognitive functioning in children (Cornelius et al., 2017).
Physical activity can help reduce psychological and emotional problems in children and
adolescents. Korczak and colleagues conducted a recent meta-analysis on studies of physical
activity and depression in children and adolescents under 18 years of age (Korczak et al., 2017).
The results indicated that increased physical activity level corresponded to fewer depressive
symptoms. There is also evidence supporting the benefit of physical activity for improving
behavioral functioning in children. In a longitudinal study, second- and third-grade students in
intervention schools received teacher-delivered physical activity lessons in class daily for 3 years
(Szabo-Reed et al., 2017). Time on task before and after physical activity lessons were measured
and compared with students in the control schools. Results showed that students in the
intervention group spent more time on task after physical activity lessons than those in the control
group. Furthermore, physical activity appears to help with cognitive functioning in children.
Another meta-analysis extracted data from 59 studies that examined physical activity and
cognitive functioning in children aged 3 to 18 years (Fedewa & Ahn, 2011). Results
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demonstrated a significant positive relationship between physical activity and children’s cognitive
outcomes as measured by intelligence quotient (IQ), verbal and math achievement, or grade point
average (GPA) for examples. Effect sizes were largest for aerobic activities, small group
interventions, and higher frequency of physical activities.
Despite the positive cognitive and behavioral impacts of physical activity demonstrated
in the aforementioned studies, US schools are eliminating or greatly reducing the opportunities
for physical activity such as eliminating or reducing physical education (PE) classes and recess
(Committee on Physical Activity and Physical Education in the School Environment, Food and
Nutrition Board, & Institute of Medicine, 2013). One prevalent childhood condition that
negatively impacts school performance, attention-deficit/hyperactivity disorder (ADHD), may be
amplified by these changes. Physical activity appears to have a protective factor against ADHD in
the general pediatric population. In a cohort study using the 1986 Northern Finland Birth Cohort,
researchers found that low level of physically active play at 8 years predicted inattention
symptoms at 16 years after adjusting for baseline ADHD symptoms at 8 years (Khalife et al.,
2014).
ADHD is characterized by “a persistent pattern of inattention and/or hyperactivityimpulsivity that interferes with functioning or development” (American Psychiatric Association,
2013). The symptoms of ADHD are often noted in school-aged children when symptoms begin to
show in class behavior and performance. Thus, studies demonstrating that positive on task
behavior after short bouts of physical activity showed that it may be a promising pathway to
manage symptoms of ADHD (Berwid & Halperin, 2012). Cornelius and colleagues conducted a
meta-analysis of 20 experimental studies that examined the effect of physical activity on
symptoms in children (aged 3 to 18) diagnosed with ADHD (Cornelius et al., 2017). Children
who participated in physical activity, compared to those in the control groups, saw a positive
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effect in overall functioning and had lower mean scores for emotion/mood problems (Cornelius et
al., 2017).
The evidence supporting the potential of physical activity to mitigate ADHD symptoms
prompts investigations to examine the levels and associated factors of physical activity in
children with ADHD. Few studies have examined the levels of physical activity in children with
ADHD in the US and generally, found lower levels of physical activity in youths with ADHD. A
study using a nationally representative sample of children aged 10 to 17 years found that children
with ADHD and comorbid learning disabilities and children with ADHD engaged in less physical
activity compared to those without ADHD (Cook et al., 2015). Another study using children aged
6 to 17 years found that children with ADHD engage in less physical activity and organized
sports regardless of medication status (J. Kim et al., 2011). Thus, it appears that children with
ADHD are less physically active compared to those without ADHD; however, more studies using
the newest physical activity guideline are necessary to verify this finding.
In addition, previous studies did not explore factors associated with physical activity in
children with ADHD. The ecological models of health emphasize the role of external
environments (such as school and community) on the behaviors and health outcomes of children
(Bronfenbrenner, 1979; Fielding et al., 2010). Behaviors such as physical activity can be
influenced by not only individual characteristics but also external cues from family, school, and
community networks. Children engage in physical activities in environments outside of their
homes, and engaging in physical activity requires supportive environments such as sidewalks,
parks, playgrounds or recreational centers. Access to physical activity resources and the perceived
safety of these spaces by children and caregivers can deter use of these resources and
subsequently, their engagement in physical activity. Research has shown that neighborhood
characteristics such as neighborhood safety, access to physical activity, and social capital are
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associated with physical activity in children (Carson et al., 2010; Datar et al., 2013; Duke et al.,
2012; Galaviz et al., 2016; Singh et al., 2008).
No published studies, to our knowledge, have examined these external factors associated
with physical activity in children with ADHD. Furthermore, poor neighborhood physical
conditions, lack of social capital, and low neighborhood safety have been associated with ADHD
and/or disruptive behaviors (Butler et al., 2012; Collins & Cleary, 2016). These studies indicated
that neighborhood characteristics may influence physical activity levels in children, and that that
influence may be greater in children with ADHD. The overarching goal of this study was to
examine the levels of physical activity and the associations between neighborhood characteristics
and physical activity in children with and without ADHD. The specific aims are: 1) to estimate
the physical activity level among children aged 6 to 17 years, 2) to assess the associations
between environmental characteristics and physical activity levels in children aged 6 to 17 years,
and 3) to examine whether these relationships vary among children with and without ADHD.
Methods
Study Design and Sample
The ecological models of health, which posit that the external environments (such as
school and community) interact to influence health behaviors and outcomes, guided the
examination of environmental characteristics and their influence on physical activity in children
and adolescents (Bronfenbrenner, 1979; Fielding et al., 2010). When we examined the external
environments surrounding the child, it necessitates the inclusion of social and or physical
environments in the family and in the community (Figure 6). Neighborhood characteristics such
as perceived safety, social support, and access to physical activity have been associated with
children’s engagement in physical activity, and were therefore, included in our model as
environmental characteristics (Butler et al., 2012; Carson et al., 2010; Collins & Cleary, 2016;
Datar et al., 2013; Duke et al., 2012; Galaviz et al., 2016; Singh et al., 2008). In order to
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understand the contribution of environmental characteristics on physical activity, we controlled
for family characteristics and individual traits and behaviors.
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Figure 6. Conceptual Model of Environmental Characteristics, ADHD, and Physical Activity
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Data from the 2011-2012 National Survey of Children’s Health (NSCH) were used. The
2011-2012 NSCH was funded by the Maternal and Child Health Bureau (MCHB) and conducted
by the National Center for Health Statistics (NCHS). The NSCH is a cross-sectional telephone
survey that collects information about the health of children aged 0-17, as reported by their
parents or caregivers, from all 50 states in the US and the District of Columbia (National Center
for Health Statistics, 2017). The survey utilized a state-level sample design, where landline and
cell phone numbers were randomly sampled from each state. Households were contacted through
random-digit-dialing of those landline and cell phone numbers, and then screened for one resident
child between the ages of 0 and 17 years. If multiple children resided in the same household, one
child was randomly selected as a participant of the survey. The respondent was a parent or
caregiver with knowledge about the selected child’s health.
Data for 2011-2012 NSCH were collected between February 2011 and June 2012. A total
95,677 interviews were administered with a completion rate of 54.1% for the landline sample and
41.2% for the cell phone sample (National Center for Health Statistics, 2017). This study focused
on the 65,680 children aged 6 to 17 years. Although ADHD information is available for children
≥ 2 years, information about physical activity is only available for children starting at age 6.
Thus, only children aged 6 and up were included in our sample.
Measurement of Outcome: Physical Activity
A single item on the 2011-2012 NSCH questionnaire measured physical activity.
Previous research shows that parent and teacher proxy-reports of physical activity have
significant associations with child’s activity and are promising methods of measuring child’s
physical activity (Manios, Kafatos, & Markakis, 1998; Sirard & Pate, 2001). In the 2011-2012
NSCH survey, parents were asked: “During the past week, on how many days did [selected child]
exercise, play a sport, or participate in physical activity for at least 20 minutes that made
[him/her] sweat and breathe hard?” Responses ranged from 0 to 7 days and the children were

102
categorized based on parent’s response as being physically active for 7 days or being physically
active for less than 7 days.
The survey question aligned with previous public health guidelines for physical activity
of 20 minutes for at least 3 days per week (Childtrends, 2017). In 2008, the physical activity
guidelines changed to recommend 60 minutes or more of physical activity daily for children and
adolescents (Department of Health and Human Services, 2011). To reconcile these distinctions,
this study categorized physical activity using the cutoff as 7 days or more to roughly approximate
the goal for daily physical activity.
Measurement of Main Predictors: ADHD and Environmental Characteristics
ADHD diagnosis is measured by two items on the NSCH survey. First, parents
responded to a question if they have ever been told by a doctor or other health care provider that
the child has ADHD and whether the child currently has ADHD. For children currently diagnosed
with ADHD, parents were also asked whether the child is currently taking medication for the
condition. We wanted to include ADHD medication information as side effects of medication
might influence children’s ability to engage in physical activity (Cornelius et al., 2017). From
these questions, children were categorized as “currently have ADHD and taking medication”,
“currently have ADHD but not taking medication”, and “does not currently have ADHD”.
For aim 2, we examined the associations of neighborhood characteristics and physical
activity levels in children. Neighborhood characteristics included in the model were supportive
neighborhood, community safety, and access to physical activity. Parental perception of
neighborhood characteristics can play an important role in the decision to allow their children to
play outside or attend the community recreational facilities (Carson et al., 2010).
Four items from the NSCH survey were used to define supportive neighborhood: 1)
“People in my neighborhood help each other out”, 2) “We watch out for each other’s children in
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this neighborhood”, 3) “There are people I can count on this neighborhood”, and 4)“If my child
were outside playing and got hurt or scared, there are adults nearby who I trust to help my child”.
The NSCH rated the responses on a scale from strongly agree to strongly disagree with assigned
values of 1 to 4. The mean score greater than or equal to 2.25 indicated that the child did not have
supportive neighborhood, as at least one item response was one of the “disagree” options.
One item from the NSCH were used to characterize parental perception of community
safety. “How often do you feel [selected child] is safe in your community or neighborhood?” and
perceived community safety was categorized as never or sometimes safe, or usually or always
safe.
Finally, access to resources for physical activity was assessed from three items asking
parents “if the following places and things are available to children in your neighborhood, even if
[selected child] does not actually use them”. The items included sidewalks or walking paths, a
park or playground area, and a recreation center, community center, or boys’ or girls’ club. A
‘yes’ response to any of the items was categorized as having access to physical activity while a
‘no’ response to all items was categorized as not having access to physical activity.
Measurement of Other Confounding Variables
Sociodemographic variables included child’s age, sex, race/ethnicity, parental
employment and education, and annual household income. Race/ethnicity was categorized as
follows: non-Hispanic white, non-Hispanic black, Hispanic, or non-Hispanic multiracial or other.
Parental employment was assessed using the question: “Was anyone in the household employed
at least 50 weeks out of the past 52 weeks?” with a yes or no response. Parental level of education
was categorized as less than high school, high school graduate, and more than high school.
Household income was determined by the DHHS guidelines for incomes above/below the federal
poverty level (FPL) and categorized as less than 100% FPL, 100-199% FPL, 200-399% FPL, and
400% or more FPL. Household income was calculated using income values from imputed income
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data files offered by the NCHS as the original variable for income had 9.7% missing values
(National Center for Health Statistics, 2017).
Children’s general health status, television screen time, electronic device usage, and
adequate sleep were also included as covariates that may impact physical activity. Children’s
general health status was categorized as excellent, good, and fair or poor. Television screen time
measured how much time the child usually spends in front of a TV on an average weekday.
Electronic device usage measured how much time the child usually spends using “computers, cell
phones, handheld video games, and other electronic devices”. Both television screen time and
electronic device usage were categorized as none, ≤ 1 hour, greater than 1 but less than 4 hours,
or ≥ 4 hours per day. Adequate sleep was measured using number of nights during the past week
that the child has enough sleep. Adequate sleep was categorized as none, 1-3 nights, 4-6 nights, or
every night.
Statistical Analysis
Cases with missing values for any one variable (n = 6,174) were removed. All variables
had less than 4% of values missing and the analysis sample size was 59,506. For aim 1 (to
estimate physical activity levels among children aged 6-17 years), descriptive characteristics
including proportion of physically active children were estimated for the entire sample. For aim 2
(to assess the associations between environmental factors and physical activity levels in children
aged 6 to 17 years), bivariate associations using chi-square tests between physical activity and
variables were estimated for the entire sample. We also estimated the proportion of physically
active children with and without ADHD. Logistic regression was then used to estimate the odds
of being physically active by predictors and to examine the interaction between the main
predictors and child’s sex or age group. The final adjusted model was controlled for the variables
whose p-values in the bivariate associations were less than 0.1.
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For aim 3 (to examine whether the relationships between environmental factors and
physical activity levels vary among children with and without ADHD), bivariate associations
between physical activity and covariates were estimated for subgroups stratified by ADHD
medication status. Logistic regression models were then fitted to estimate the odds of being
physically active by predictors for subgroups stratified by ADHD medication status. Each model
was controlled for the variables whose p-values in the bivariate associations were less than 0.1.
For all analyses, sampling weights were used to make data representative of all
noninstitutionalized children nationally, and in each state. The 2010 American Community
Survey (ACS) and census were used as the control populations in the weight calculations
(National Center for Health Statistics, 2017). Analysis was conducted using SAS statistical
software, version 9.4 (SAS Institute, 2013). SAS complex survey procedures were invoked for all
analyses to account for the survey’s complex design.
Results
Aim 1
Table 6 provides the weighted proportions of sociodemographic variables, covariates,
main predictors, and outcome. The sample had 49.6% children aged 6-11 and 50.4% teens aged
12-17. There were 51.3% males and 48.7% females. The majority of children were non-Hispanic
white (56.1%) followed by Hispanic (20.6%), non-Hispanic black (13.5%), and multiracial/other
(9.7%). Most children were in excellent/very good health (84.8%). Most children lived in
households with income 200% at or above FPL (60.9%) and majority of parents had at least a
high school diploma (78.8%) and were employed (86.3%). In regard to sleep and media use
behaviors, the majority of children (82.6%) watched less than 1 hour to less than 4 hours of
television on an average weekday. More than half (51.9%) used electronic devices for 1 hour or
less on an average weekday. Most children (57.5%) had enough sleep every night in the past
week.
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Table 6. Weighted Sample Characteristics (n=59,506)

Variables

Weighted Percent

Child’s age
6-11

49.6

12-17

50.4

Child’s sex
Male

51.3

Female

48.7

Child’s race/ethnicity
White, non-Hispanic

56.1

Black, non-Hispanic

13.5

Hispanic

20.6

Multiracial/other, non-Hispanic

9.7

Child’s overall health status
Excellent/very good

84.8

Good

12.0

Fair/poor

3.1

Household income
<100% FPL

18.1

100-199% FPL

21.0

200-399% FPL

30.2

400% or more FPL

30.7

Caregiver’s highest grade
Less than high school

21.2

High school graduate

33.3

More than high school

45.5

Household adult employed
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Yes

86.3

No

13.7

Television use on average weekday
Does not watch TV

5.8

≤1 hour

41.6

>1 but <4 hours

41.0

≥4 hours

11.7

Electronic devicesa use on average weekday
Does not use electronic devices

14.1

≤1 hour

51.9

>1 but <4 hours

23.1

≥4 hours

10.9

Nights enough sleep past week
No nights

2.3

1-3 nights

6.3

4-6 nights

33.9

Every night

57.5

Current diagnosis of ADHD and medication status
Current ADHD, taking medication

6.9

Current ADHD, not taking medication

3.1

Does not currently have ADHD

90.0

Community safety
Never/sometimes safe

12.3

Usually/always safe

87.7

Access to physical activityb
Yes

93.3

No

6.7
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Live in supportive neighborhood
Yes

84.6

No

15.4

Physically active
Yes

28.4

No

71.6

a

Computers, cell phones, handheld video games, and other electronic devices

b

Access to physical activity means living in a neighborhood containing sidewalks, a park, or a recreation

center/community center/boys’ or girls’ club
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The prevalence of children currently diagnosed with ADHD and taking medication was
6.9%, and the prevalence of those currently diagnosed but not taking medication was 3.1%. For
the neighborhood characteristics, there were 12.3% of children who did not live in safe
neighborhoods, 6.7% did not have access to physical activity resources, and 15.4% did not live in
supportive neighborhoods. Only about 28.4% of children in our sample were active for at least 20
minutes daily. Younger children were more active than adolescents and a higher proportion of
males were physically active daily (33%) compared to females (23.4%) (both p < 0.0001).
Aim 2
In our sample, ADHD status was associated with being active such that children with
ADHD were more likely to be active compared to children without ADHD (p = 0.0012) (Table
7). Among those who currently have ADHD and are taking medication, 33% were physically
active compared to 34% among those who currently have ADHD and not taking medication and
27.8% among those who did not have ADHD. When we examined the environmental factors and
physical activity in the bivariate analyses, community safety and supportive neighborhood were
associated with being active (p = 0.0101 and p = 0.0114, respectively). For example, only 25.0%
of children who did not live in safe community were active compared to 28.8% of children who
lived in safe community, and 28.9% of children who lived in supportive neighborhood were
active compared to 25.6% of children who did not live in supportive neighborhood.
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Table 7. Bivariate Associations between Physical Activity and ADHD, Neighborhood Characteristics, and Other
Covariates (n=59,506)

Variables

% physically

% not

(p-value

active

physically

for χ2)

active
Child’s age

(<0.0001)

6-11

36.1

63.9

12-17

20.7

79.3

Child’s sex

(<0.0001)

Male

33.0

67.0

Female

23.4

76.6

Child’s race/ethnicity

(<0.0001)

White, non-Hispanic

29.6

70.4

Black, non-Hispanic

29.6

70.4

Hispanic

24.2

75.8

Multiracial/other, non-Hispanic

27.9

72.1

Child’s overall health status

(<0.0001)

Excellent/very good

29.7

70.3

Good

20.9

79.1

Fair/poor

20.2

79.8

Household income

(0.0018)

<100% FPL

30.7

69.3

100-199% FPL

29.6

70.4

200-399% FPL

28.3

71.7

400% or more FPL

26.1

73.9

Caregiver’s highest grade

(<0.0001)

Less than high school

24.0

76.0

High school graduate

29.5

70.5
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More than high school

29.6

70.4

Household adult employed

(0.1968)

Yes

28.1

71.9

No

29.8

70.2

Television use on average weekday

(<0.0001)

Does not watch TV

31.2

68.8

≤1 hour

30.6

69.4

>1 but <4 hours

27.2

72.8

≥4 hours

22.9

77.1

Electronic devicesa use on average weekday

(<0.0001)

Does not use electronic devices

38.4

61.6

≤1 hour

29.2

70.8

>1 but <4 hours

23.1

76.9

≥4 hours

22.6

77.4

Nights enough sleep past week

(<0.0001)

No nights

31.2

68.8

1-3 nights

19.0

81.0

4-6 nights

24.3

75.7

Every night

31.7

68.3

Current diagnosis of ADHD and medication status

(0.0012)

Current ADHD, taking medication

33.0

67.0

Current ADHD, not taking medication

34.0

66.0

Does not currently have ADHD

27.8

72.2

Community safety

(0.0101)

Never/sometimes safe

25.0

75.0

Usually/always safe

28.8

71.2

Access to physical activityb

(0.2289)
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Yes

28.2

71.8

No

30.3

69.7

Live in supportive neighborhood

(0.0114)

Yes

28.9

71.1

No

25.6

74.4

a

Computers, cell phones, handheld video games, and other electronic devices

b

Access to physical activity means living in a neighborhood containing sidewalks, a park, or a recreation

center/community center/boys’ or girls’ club
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Table 8 provides the adjusted odds ratios (OR) and 95% confidence intervals (CI) for
being physically active by the main predictors of ADHD status and neighborhood characteristics
adjusted for sociodemographic factors, sleep behavior, and television and electronic device use.
We did not find an interaction between the main predictors and child’s sex or age. Current ADHD
status was associated with physical activity (p = 0.0069) when controlling for covariates. For
example, children with current ADHD and not taking medication had 1.42 higher odds (95% CI =
1.08, 1.86) of being active compared to children without ADHD. There is some evidence that
living in supportive neighborhood contributed to physical activity (p = 0.0484) such that children
who did not live in supportive neighborhood had lower odds (OR = 0.87, 95% CI = 0.76, 1.00) of
being active compared to those who did live in supportive neighborhoods.
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Table 8. Adjusted Odds Ratios (OR) and 95% Confidence Intervals (CI) for Physical Activity and Covariates (n
= 59,506)

Variables

OR (95% CI)

Child’s age

<.0001

6-11

1.00

12-17

0.49 (0.44, 0.54)

Child’s sex
Male
Female

<.0001
1.00
0.61 (0.56, 0.66)

Child’s race/ethnicity

0.0041

White, non-Hispanic

1.00

Black, non-Hispanic

1.02 (0.90, 1.17)

Hispanic

0.77 (0.66, 0.90)

Multiracial/other, non-Hispanic

0.90 (0.79, 1.03)

Child’s overall health status
Excellent/very good

<.0001
1.00

Good

0.63 (0.53, 0.74)

Fair/poor

0.60 (0.44, 0.83)

Household income

<.0001

<100% FPL

1.57 (1.36, 1.81)

100-199% FPL

1.34 (1.19, 1.52)

200-399% FPL

1.16 (1.05, 1.29)

400% or more FPL

1.00

Caregiver’s highest grade

0.0054

Less than high school

0.80 (0.69, 0.92)

High school graduate

1.00 (0.91, 1.10)

More than high school

1.00

Household adult employed

p
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Yes
No
Television use on average weekday
Does not watch TV

0.0001
1.00

≤1 hour

0.96 (0.77, 1.18)

>1 but <4 hours

0.83 (0.67, 1.03)

≥4 hours

0.68 (0.53, 0.87)

Electronic devicesa use on average weekday
Does not use electronic devices

0.0002
1.00

≤1 hour

0.76 (0.67, 0.87)

>1 but <4 hours

0.74 (0.63, 0.87)

≥4 hours

0.85 (0.69, 1.04)

Nights enough sleep past week

<.0001

No nights

1.17 (0.86, 1.60)

1-3 nights

0.66 (0.55, 0.78)

4-6 nights

0.72 (0.66, 0.79)

Every night

1.00

Current diagnosis of ADHD and medication status

0.0069

Current ADHD, taking medication

1.18 (1.01, 1.38)

Current ADHD, not taking medication

1.42 (1.08, 1.86)

Does not currently have ADHD

1.00

Community safety
Never/sometimes safe
Usually/always safe
Access to physical activityb
Yes
No

0.0885
0.87 (0.73, 1.02)
1.00
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Live in supportive neighborhood

0.0484

Yes

1.00

No

0.87 (0.76, 1.00)

a

Computers, cell phones, handheld video games, and other electronic devices

b

Access to physical activity means living in a neighborhood containing sidewalks, a park, or a recreation

center/community center/boys’ or girls’ club
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Aim 3
Bivariate associations for physical activity stratified by ADHD status (Table 9) showed
that environmental factors were not significantly associated with being physically active for either
ADHD group. However, community safety and supportive neighborhood showed significant
associations with physical activity for children without ADHD (p = 0.0056 and p = 0.0025,
respectively). For example, among children who lived in safe neighborhoods, 38.3% were active
compared to 23.9% of active children among those who did not live in safe neighborhoods.
Children who lived in supportive neighborhoods (28.4%) were more likely to be active than
children who did not live in supportive neighborhoods (24.2%).
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Table 9. Bivariate Association of Physical Activity and Neighborhood Characteristics Stratified by ADHD

Variables

Current ADHDtaking medication,
n=4,179
(p for χ2)

% PA+
Child’s age

% PA-

(<0.0001)

Current
ADHD-not
taking
medication,
n=1,696
(p for χ2)
% PA+
%
PA(<0.0001)

Does not have
ADHD, n=53,631
(p for χ2)

% PA+

% PA-

(<0.0001)

6-11

43.5

56.5

51.1

48.9

35.1

64.9

12-17

22.6

77.4

23.3

76.7

20.5

79.5

Child’s sex

(0.0096)

(0.0308)

(<0.0001)

Male

35.9

64.1

38.3

61.7

32.5

67.5

Female

26.3

73.7

24.7

75.3

23.3

76.7

Child’s race/ethnicity

(0.3126)

(0.1015)

(<0.0001)

White, non-Hispanic

32.0

68.0

28.6

71.4

29.5

70.5

Black, non-Hispanic

30.0

70.0

32.7

67.3

29.4

70.6

Hispanic

40.3

59.7

46.4

53.6

22.9

77.1

Multiracial/other, non-Hispanic

38.8

61.2

39.6

60.4

26.9

73.1

Child’s overall health status

(0.0887)

(0.1202)

(<0.0001)

Excellent/very good

34.2

65.8

37.6

62.4

29.2

70.8

Good

25.3

74.7

20.0

80.0

20.4

79.6

Fair/poor

40.0

60.0

34.3

65.7

15.7

84.3

Household income

(0.0003)

(0.6809)

(0.0918)

<100% FPL

41.1

58.9

36.2

63.8

29.5

70.5

100-199% FPL

39.1

60.9

37.6

62.4

28.5

71.5

200-399% FPL

31.4

68.6

33.9

66.1

27.9

72.1

400% or more FPL

24.0

76.0

27.3

72.7

26.3

73.7

Caregiver’s highest grade
Less than high school

(0.2578)
38.2

61.8

(0.7267)
38.1

61.9

(<0.0001)
22.6

77.4
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High school graduate

33.6

66.4

31.6

68.4

29.0

71.0

More than high school

30.6

69.4

33.5

66.5

29.3

70.7

Household adult employed

(<0.0001)

(0.7453)

(0.9212)

Yes

30.3

69.7

33.6

66.4

27.8

72.2

No

46.6

53.4

35.8

64.2

27.9

72.1

Television use on avg. weekday

(0.0063)

(0.0700)

(<0.0001)

Does not watch TV

25.0

75.0

20.7

79.3

31.8

68.2

≤1 hour

39.0

61.0

41.6

58.4

29.7

70.3

>1 but <4 hours

30.4

69.6

34.1

65.9

26.7

73.3

≥4 hours

26.0

74.0

24.2

75.8

22.5

77.5

Electronic devicesa use on avg. weekday

(<0.0001)

(0.0008)

(<0.0001)

Does not use electronic devices

49.0

51.0

53.9

46.1

36.9

63.1

≤1 hour

33.7

66.3

34.2

65.8

28.7

71.3

>1 but <4 hours

25.6

74.4

35.0

65.0

22.4

77.6

≥4 hours

22.6

77.4

15.9

84.1

23.0

77.0

Nights enough sleep past week

(0.0029)

(0.0001)

(<0.0001)

No nights

41.2

58.8

12.0

88.0

30.9

69.1

1-3 nights

27.9

72.1

17.3

82.7

18.0

82.0

4-6 nights

26.3

73.7

27.6

72.4

24.0

76.0

Every night

38.2

61.8

42.6

57.4

30.9

69.1

Community safety

(0.8474)

(0.7798)

(0.0056)

Never/sometimes safe

33.8

66.2

32.2

67.8

23.9

76.1

Usually/always safe

32.9

67.1

34.4

65.6

38.3

71.7

Access to physical activityb

(0.7198)

(0.4259)

(0.1340)

Yes

33.2

66.8

34.7

65.3

27.6

72.4

No

31.2

68.8

26.7

73.3

30.3

69.7

Live in supportive neighborhood

(0.6162)

(0.2136)

(0.0025)
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Yes

33.4

66.6

32.0

68.0

28.4

71.6

No

31.4

68.6

40.7

59.3

24.2

75.8

a

Computers, cell phones, handheld video games, and other electronic devices

b

Access to physical activity means living in a neighborhood containing sidewalks, a park, or a recreation

center/community center/boys’ or girls’ club
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Table 10 provides the adjusted results for being active according to neighborhood factors
stratified by ADHD medication status. We did not find any significant interaction between
environmental factors and ADHD medication status. For children with ADHD regardless of
medication status, none of the environmental factors showed significant associations with
physical activity in the multivariable logistic model. For children without ADHD, children who
did not live in supportive neighborhoods had 0.84 lower odds of being active (95% CI: 0.72,
0.98) compared to children who did live in supportive neighborhoods.
Children with and without ADHD shared similar factors associated with being active,
such as younger age, being male, having excellent/very good health, and adequate sleep every
night. In contrast, race/ethnicity, household income, parental education, television screen time,
and electronic device usage did not correlate with physical activity for children with ADHD. In
children without ADHD, white race/ethnicity, low-income household, parent with more than high
school education, and not watching or using electronic devices were associated with higher odds
of physical activity.
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Table 10. Adjusted Odds Ratios (OR) and 95% Confidence Intervals (CI) for Physical Activity and Covariates
Stratified by ADHD
Current ADHD-taking

Current ADHD-not

Does not have ADHD,

medication, n=4,179

taking medication,

n=53,631

n=1,696
Variables

Adjusted OR

p

(95% CI)
Child’s age

Adjusted OR

p

(95% CI)
<.0001

Adjusted OR
(95% CI)

0.0005

<.0001

6-11

1.00

1.00

1.00

12-17

0.48 (0.35, 0.67)

0.37 (0.21, 0.64)

0.50 (0.45, 0.55)

Child’s sex
Male
Female

0.0483

0.0314

<.0001

1.00

1.00

1.00

0.71 (0.50, 1.00)

0.53 (0.29, 0.94)

0.60 (0.55, 0.66)

Child’s race/ethnicity

0.0007

White, non-Hispanic

1.00

Black, non-Hispanic

1.03 (0.89, 1.18)

Hispanic

0.74 (0.62, 0.87)

Multiracial/other

0.86 (0.74, 0.99)

Child’s overall health
Excellent/very good

0.0171

<.0001

1.00

1.00

Good

0.55 (0.36, 0.84)

0.66 (0.55, 0.79)

Fair/poor

1.10 (0.52, 2.31)

0.48 (0.33, 0.70)

Household income

0.0736

<.0001

<100% FPL

1.53 (0.98, 2.38)

1.57 (1.35, 1.83)

100-199% FPL

1.64 (1.11, 2.40)

1.31 (1.15, 1.50)

200-399% FPL

1.31 (0.87, 1.97)

1.14 (1.03, 1.27)

1.00

1.00

400% or more FPL

p

Caregiver’s highest grade

0.0016

Less than high school

0.77 (0.66, 0.89)

High school graduate

1.00 (0.91, 1.10)

More than high school

1.00
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Caregiver employed

0.0020

Yes

1.00

No

1.81 (1.24, 2.64)

TV use on avg. weekday
Does not watch TV

0.1456

0.3783

0.0005

1.00

1.00

1.00

≤1 hour

1.61 (0.87, 2.97)

2.03 (0.75, 5.54)

0.89 (0.72, 1.11)

>1 but <4 hours

1.20 (0.66, 2.19)

1.78 (0.70, 4.53)

0.79 (0.63, 0.99)

≥4 hours

1.03 (0.51, 2.11)

1.24 (0.44, 3.49)

0.64 (0.49, 0.84)

Electronicsa use
Does not use

0.0631

0.1688

0.0005

1.00

1.00

1.00

≤1 hour

0.65 (0.44, 0.97)

0.62 (0.29, 1.33)

0.78 (0.68, 0.89)

>1 but <4 hours

0.56 (0.35, 0.89)

1.08 (0.49, 2.35)

0.74 (0.62, 0.88)

≥4 hours

0.53 (0.29, 0.96)

0.56 (0.23, 1.34)

0.91 (0.72, 1.13)

Adequate sleep past week

0.0239

0.0043

<.0001

No nights

1.52 (0.79, 2.93)

0.21 (0.08, 0.61)

1.25 (0.87, 1.78)

1-3 nights

0.74 (0.46, 1.19)

0.40 (0.19, 0.84)

0.65 (0.54, 0.79)

4-6 nights

0.66 (0.47, 0.92)

0.58 (0.32, 1.06)

0.73 (0.66, 0.80)

1.00

1.00

1.00

Every night
Community safety
Never/sometimes safe
Usually/always safe

0.1170
0.87 (0.72, 1.04)
1.00

Physical activity accessb
Yes
No
Supportive neighborhood

0.0233

Yes

1.00

No

0.84 (0.72, 0.98)

a

Computers, cell phones, handheld video games, and other electronic devices use on avg. weekday

b

Access to physical activity means living in a neighborhood containing sidewalks, a park, or a recreation

center/community center/boys’ or girls’ club

124
Discussion
Aim 1
In this study, we examined the levels of physical activity and the relationships between
environmental characteristics and physical activity in a large nationally representative sample of
school-aged children. Results showed that a majority of children (71.6%) did not engage in daily
physical activity. Our result corroborated with that reported in the 2016 US Physical Activity
Report Card, which found that approximately 21% of 6 to 19 year-old children were physically
active for a duration of 60 minutes for 5 or more days per week (Katzmarzyk et al., 2016). The
Report Card also found that male and younger age groups were more active compared to female
and older age groups (Katzmarzyk et al., 2016).
Aim 2
When we examined whether environmental factors were associated with children’s
physical activity (see Figure 6), we found that not living in supportive neighborhood was
associated with lower odds of physical activity. This finding was consistent with previous
research that supported the positive relationship between neighborhood social environment and
physical activity (Duke et al., 2012; Franzini et al., 2009). For example, Duke et al found that
increasing parental perception of a supportive neighborhood corresponded with 55% greater odds
of children being physically active 5 or more days in the past week in a reprehensive sample of
US children aged 6 to 17 years (Duke et al., 2012).
Although another study found that neighborhood safety was associated with youth
physical activity, our study found that association to be significant only in the bivariate
association (Duke et al., 2012). The discrepancy could have resulted from the categorization of
physical activity (5 versus 7 days) or the adjustment of sleep behavior and time spent watching
television or using electronic devices in our final model.
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We did not find an association between having access to physical activity resources and
engaging in physical activity. It is important to note that having access to physical activity, such
as sidewalks, parks, or recreational centers, does not reflect the actual utilization of these facilities
for physical activity purposes. Therefore, having access may not contribute to children’s
engagement in physical activity in our sample. The existing research showed mixed results
regarding the relationship between the physical environment and physical activity (Carson et al.,
2010; Duke et al., 2012; Franzini et al., 2009). For example, a cross-sectional study using 650
fifth-grade students and their caregivers from three major US cities did not find an association
between the physical environment (as measured by traffic, physical disorder, and residential
density) and physical activity score (Franzini et al., 2009). However, a population-based survey
of 3,028 fifth-grade students and their caregivers in Alberta found that high parental perception of
sidewalks related to 45% greater odds of youth being physically active (Carson et al., 2010). It
appears that the relationship between the physical environment and physical activity can still
benefit from further exploration for example by clarifying whether subjective or objective
measurement of environment safety carries a greater impact on participation in physical activity.
Aim 3
Our finding indicated that children with ADHD actually were more active than children
without ADHD, which contradict with findings from previous research using US populations
(Cook et al., 2015; J. Kim et al., 2011). Both of these studies also measured physical activity
using parental report of child’s physical activity, however, they employed the cutoff for
physically active as 3 days or more per week using the previous guideline for physical activity for
children. Differences in sample characteristics might also account for the different findings
between the studies. For example, the sample in the study by Cook et al was older (ages 10 and
up) and included fewer children with ADHD compared to our study (4.6% versus 10.0%) (Cook
et al., 2015). It is possible then that our sample included more active children with ADHD. Our
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findings, however, agreed with those from a study done in Germany. Researchers studied health
behaviors and ADHD in children aged 6 to 17 years and found a weak but significant positive
relationship between child’s self-report of physical activity and parent-rated
hyperactivity/inattention score (van Egmond-Fröhlich, Weghuber, & de Zwaan, 2012). Further
research is still needed to determine the differences in physical activity in children with and
without ADHD.
We did not find previous work that examined the relationships between environmental
characteristics and physical activity in children with ADHD. When we examined factors
associated with exercise in groups of children with and without ADHD, we found that
neighborhood factors were not associated with being physically active in children with ADHD.
Interestingly, sociodemographic factors (i.e., race/ethnicity, household income, and parental
education) and time spent watching television or using electronic devices also did not correlate
with physical activity in children with ADHD while they did in children without ADHD. We
were unable to compare these findings with existing research, and therefore, further research is
required before we can ascertain that sociodemographic factors and sleep and media usage do not
influence physical activity in children with ADHD.
Limitations
There are limitations to the current study. First, the measurement of physical activity
employed in the survey was based on parental report of the child’s physical activity. Further, the
time threshold was only 20 minutes, which is much less than current recommendations for 60
minutes or more per day. Misclassification can occur if the parent inaccurately recalled the
child’s behavior. Although the use of parent proxy-report of physical activity in place of child’s
self-report is supported by the literature, the use of an objective measurement such as an
accelerometer is preferable. Another limitation to the study is the manner in which the question
regarding access to physical activity was asked in the NSCH; we cannot distinguish from having
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access and actual utilization of these facilities. Third, the use of cross-sectional data does not
allow for the causal inference between environmental factors and physical activity levels. Fourth,
the low response rate of the NSCH with approximately half of the respondents completing the
survey can bias the results if the respondents differed in some ways from those who did not
respond. However, sampling weights attempted to adjust for any biases that may result from
nonresponses. The NSCH had similar response rates to other national survey such as the
Behavioral Risk Factor Surveillance System (BRFSS), which had a response rate of 47.7% for
landline and 46.4% for cell phone samples (CDC, 2017b). In spite of the limitations, our study
utilized a large nationally representative sample to examine the relationships between
environmental characteristics and physical activity in school-aged children with and without
ADHD. The results can thus be generalized to a large population of children and adolescents in
the US. Our model also adjusted for sociodemographic factors, general health status, sleep
behavior, and time spent watching television and using electronic devices to account for their
influences on children’s engagement in physical activity.
Implications
The current study examined the role of parental perception of environmental
characteristics on children’s engagement in physical activity. We found that there is still work to
be done to increase the number of children meeting the current guideline for physical activity for
children and adolescents. We also found that parental perception of a supportive neighborhood
corresponds with higher odds of the child participating in physical activity. Therefore, we
recommend that interventions to promote physical activity in children consider the surrounding
community’s social environment. Actions aimed at increasing trust and support among
community members may help to improve parents’ perception of their social environment and
they in turn may be more likely to allow their children to engage in the community’s recreational
facilities. We also recommend future prospective studies to employ objective measurements of
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physical activity and utilization of recreational facilities to accurately determine the relationships
between the use of such services and engagement in physical activity. Furthermore, more work is
necessary to ascertain the levels of physical activity in children with ADHD and also to examine
the factors associated with physical activity in children with ADHD.
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CHAPTER 5. DISCUSSION
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This dissertation research was carried out to address some of the research gaps identified
in the literature regarding school and community factors related to school engagement, attentiondeficit/hyperactivity disorder (ADHD), and physical activity in school-aged children. Using an
ecological framework for each study, the first study examined the predictors of school
engagement, the second study investigated the relationship between school engagement and
ADHD, and the third study examined the relationship between environmental characteristics and
physical activity in children with and without ADHD.
The ecological model allows for an examination of individual factors and environmental
determinants of health (Institute of Medicine (US) Committee on Assuring the Health of the
Public in the 21st Century, 2003). We were interested in applying the ecological model to study
ADHD in children for the following reasons. External environments such as school and
community have been less frequently studied in regard to their contributions on behavior and
mental health outcomes. Although genetic predispositions explain a large part of the individual
differences in susceptibility to ADHD, part of those differences can also be attributed to
environmental factors (Faraone et al., 2005). Environmental factors are often modifiable and
provide opportunities for interventions to improve health outcomes. Modifying environmental
determinants to positively influence health can improve the health trajectory of children, even of
those who have genetic predispositions and therefore are more susceptible to developing mental
health conditions.
The National Survey of Children’s Health (NSCH) provided a rich data source to
investigate the aforementioned research questions. The NSCH is among the few national data
sources, if not the only one, that collect information about children’s mental health outcomes as
well as comprehensive information about their family life, school engagement, and community
characteristics (National Center for Health Statistics, 2017). The NSCH data can be weighted to
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be representative of non-institutionalized children ages 0-17 and has a large enough sample size
to conduct age-specific analysis for children (6-11 years) and adolescents (12-17 years).
The results of our studies largely supported the notion that external environments could
play important roles in influencing children’s behavior and mental health outcomes. Further, the
application of an ecological model was helpful in understanding potential contributions of
individual, family and community factors toward behavior and health outcomes. In the first study,
we found that in addition to individual factors including age, sex, race/ethnicity, and health status,
family and community factors (the next layers in the ecological model) were also significantly
associated with children’s levels of school engagement (Figure 7). As the NSCH is crosssectional, the directionality of the relationship between these variables and school engagement
cannot be determined. However, our findings do suggest that environmental determinants
external to the child may have an impact on his or her level of school engagement.

132

Figure 7. Ecological Model of School Engagement, Physical Activity, and ADHD
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In the second study, we used confirmatory factor analysis and structural equation
modeling (SEM) in the context of an ecological framework to examine the direct and indirect
contributions of individual, family, and social relationship on ADHD diagnosis. We found that
school engagement has a significant inverse relationship with ADHD diagnosis. We also found
that family factors such as ACE was directly associated with ADHD and community
characteristics (such as safety and amenities) indirectly contribute to ADHD via school
engagement. The total effect of community characteristics on ADHD was lower compared to the
total effect of more proximal characteristics (such as school engagement or ACE). There appears
to be a hierarchy in term of the impact such that the factors immediately outside of the child
contribute more to health and behavior than the factors in the more external layers. These findings
suggest that the interaction among external environments is complex (multiple pathways to
influence health are possible) and that the impact of proximal factors (family and school) may be
greater compared to more distal factors (community) on ADHD. This hierarchy of influences can
be helpful in designing intervention studies to examine the effect of environmental determinants
with the highest potential to reduce ADHD diagnosis.
In the third study, we examined how factors from different layers of the ecological model
influence physical activity in children. Again, using an ecological framework, we focused on
environmental predictors including neighborhood safety, supportive neighborhood, and access to
physical activity resources and their influences on physical activity. We found that in addition to
individual characteristics, environmental characteristics including supportive neighborhood and
family SES were associated with physical activity. This again demonstrated that factors from
external environments contribute to children’s behavior as we found in the first two studies.
In summary, this dissertation research demonstrated the utility of an ecological model in
the context of pediatric mental health research. Our results highlighted the usefulness of an
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ecological framework to study mental health and the importance of targeting environmental
modifications in health promotion and prevention.
Improvements and Suggestions for Future Research
Given that the findings in our studies were based on cross-sectional survey data, the next
step in research would be to replicate our findings using improved measurements of all variables.
We noted in the limitation sections of each individual study the shortcomings of using secondary
survey data such as the NSCH. In this section, we will provide suggestions on how to improve
some of the methodological challenges faced in our individual studies. Replicating our results
with sound data must be done first before we can establish the causal relationship among our key
variables using more robust study designs, which we will also touch upon briefly.
Improvements of Variable Measurements
Robust measurements of our dependent variables (ADHD, school engagement, and
physical activity) are important in verifying our results. Population-based mental health research
is difficult as it can be time consuming and expensive. Cross-sectional surveys will continue to
play an important role. With that being said, currently most of the health surveys of children are
not adequately assessing mental health conditions and substance use disorders. Given that
depression and suicide are becoming increasingly important public health issues affecting
children and youths (CDC, 2016), we need to consider ways to improve the collection of crosssectional surveys.
The NSCH was used in this study because it was the only national population-based
survey that collected information about children’s mental wellbeing as well as family, school, and
community characteristics. Although there are other surveys that collect information about mental
health conditions and substance use disorders among children (CDC, 2018), they may not
necessarily collect data about ADHD specifically. The National Health Interview Survey (NHIS)
is another national survey that collects information about pediatric ADHD, but it also uses
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parental report of physician diagnosis of ADHD as does the NSCH (National Center for Health
Statistics, 2011). An improvement is to add more robust assessments of mental health conditions
and substance use disorders to the NSCH, such as structured interviews, medical records, or
insurance claims data. In addition, not all national surveys collect information about children’s
external environments. A solution is to make different population surveys linkable so as to ensure
that researchers can validate and supplement information regarding children’s mental health and
their environments. Privacy concerns of geolocated data are warranted, but there are methods to
aggregate these types of data to maintain privacy and expand the types of data available for public
health research. For example, the National Health and Nutrition Examination Survey (NHANES)
can be used to provide additional information about household and family level information
(National Center for Health Statistics, 2018).
Our other outcome of school engagement was measured using parental response to two
questionnaire items about the child’s attitude about school and homework completion. A
modification would be to measure all three components of school engagement (i.e., emotional,
behavioral, and cognitive) using a combination of teacher, parent, and child’s report as well as
objective indicators when available. For example, the School Engagement Scale – Behavioral,
Emotional, and Cognitive Engagement is a self-reported questionnaire that can be used to assess
school engagement in elementary-school students (J. A. Fredricks, Blumenfeld, Friedel, & Paris,
2005). Objective indicators including school absences, grade retention, and participation in
school-related activities have also been used to measure behavioral engagement (Stevens et al.,
2010). It would also be interesting to examine each component of school engagement and its
relationship with ADHD separately to determine whether one component has a greater effect on
ADHD compared to another. The result of examining this question would have implications for
building an intervention targeted to improve the specific components of school engagement
associated with ADHD.
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A modification to our measurement of physical activity, the third study’s outcome, would
be to employ a more objective measurement of physical activity such as using an accelerometer.
Being able to differentiate the types of activity (i.e., free play or structured activities) that children
engage would also be helpful to determine whether certain types of activity are associated with
environment factors. Another suggestion is to measure the utilization of recreational facilities to
accurately determine the relationships between the use of such services and engagement in
physical activity. We also lacked information about opportunities for physical activity at school.
Again, this information would provide a more comprehensive understanding (what type of
activity and where it takes place) of how children engage in physical activity on a daily basis. A
more precise measure of the amount of physical activity and the places children are physically
active would improve our ability to draw conclusions about the relationship between ADHD and
physical activity.
Multilevel Information
In addition to having a more robust measurement of our dependent variables, the
inclusion of contextual variables will also strengthen an ecological examination of health and
behavior. Examples of family level factors include the quality of parent-child or sibling-child
relationships; school level factors include school location, classroom size, teacher to student ratio,
quality of teacher or peer relationships; and community levels factors include residential density,
size or location, or crime statistics. In addition, we can also include the more distal layers of the
ecological model such as the broad cultural or economic environments and policies. Currently in
the U.S., the issues of discrimination and gun violence or gun control are some examples of the
broad cultural factors that may have an impact on the mental health of children. Examining
factors from various external environments using a multilevel model may help distinguish the
impact of one environment versus another, for example family environment compared to
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community environment. This finding can have implications for prioritizing interventions to the
environment that has the highest impact across multiple domains of physical and mental health.
The improvements we discussed above aim to provide more objective methods of
measuring the predictors and outcomes of each study. As our data were secondary and crosssectional, it had limitations in terms of what and how variables were measured. Ensuring that
these variables are accurately measured is the next step to strengthen the relationships we found
in our results. Once we are able to verify the relationships, for instance, between school
engagement and ADHD, then we can consider more robust study designs to determine the causal
effect between school engagement and ADHD.
Other Study Designs
In a potential cohort study design, children without a prior diagnosis of ADHD who are
entering elementary school or preschool for the first time may be enrolled and followed over time
to test specific hypothesis about etiology of ADHD. School engagement and other environmental
determinants discussed in this dissertation could be assessed at baseline as well. The children are
followed until diagnosis of ADHD or throughout childhood, into young adulthood. In this cohort
design, we would be able to establish a temporal relationship between school engagement or
other environmental determinants and the development of ADHD. The use of an existing child
cohort may be a feasible method to examine the temporal relationship between environmental
determinants and ADHD by exploring additional data that could be added to an ongoing cohort.
We know of one established cohort, the Boston Birth Cohort that enrolled mother-infant pairs at
birth (Boston Medical Center, 2018). They are followed up at pediatric primary care visits given
that they continue to seek care at the affiliated hospital. Such a cohort may be enlisted to help us
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understand environmental factors predictive of ADHD including school engagement as children
are enrolled at birth.
After additional cross-sectional studies and cohort designs to build the evidence base for
a relationship between environmental factors and ADHD, we can consider intervention studies to
test the impact of programs aimed at improving different aspects of the ecological model to
prevent ADHD. For example, an intervention study can look specifically at how implementing a
school-based intervention to increase school engagement can have an impact on reducing
symptoms of ADHD. An intervention study in this instance is done using a cohort already
diagnosed with ADHD. The Moving Up study in Australia is a prospective cohort study of
children aged 12 to 15 and diagnosed with ADHD (Zendarski, Sciberras, Mensah, & Hiscock,
2016). The aim of this cohort study is to examine predictors of a variety of academic and
behavioral outcomes including student engagement. The strengths of this cohort are the use of
child, parent, and teacher surveys and linkage of standardized academic assessments, census data,
and school demographic data. An intervention component can be embedded in this study where
the cohort is randomly assigned to a program to increase school engagement or a control group.
Assessment of school engagement and ADHD symptoms at baseline and at periodic time points
can help indicate the effectiveness of the program in increasing school engagement and reducing
ADHD symptoms. In addition, we can also assess physical activity level as an outcome in this
cohort to estimate the levels of physical activity in children with ADHD.
Other Considerations
In this dissertation, we focused on the impact of school engagement and ADHD. The
ecological model can also be used to study other mental health outcomes in children besides
ADHD. Such application is important as mental health conditions are prevalent in the US, where
61.1% of those aged 9 to 21 years are reported to have any well-specified psychiatric disorder
(Copeland et al., 2011). It is also possible to study other aspects of school such as school safety or
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bullying and their contributions on mental health outcomes. Further, we focused on the general
pediatric population as this was the sample in the NSCH. We can also focus on at-risk
populations to make our study more efficient. For example, we can apply the ecological model to
study environmental determinants of ADHD diagnosis in children with a family history of ADHD
(hence a genetic predisposition) or ADHD severity in children diagnosed with ADHD.
Conclusion
About 10% of children aged 6 to 17 years in the US had a current ADHD diagnosis based
on our results. In addition, while school engagement may be a protective factor against ADHD,
about 19% of children were reported to have low levels of school engagement. Further, a majority
(72%) of children did not meet the recommended physical activity guidelines although physical
activity has shown to promote better physical and mental health. The ecological model allows for
an examination of environmental determinants and positive behaviors, such as school engagement
and physical activity that subsequently can help reduce ADHD diagnosis. Such examination can
help us identify modifiable factors that can be used to promote positive behavioral changes and
better mental health for children and adolescents.
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